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Preface

This document is prepared to provide customers with technical information on the Epsilon Launch
Vehicle, its launch services including optional ones, and related facilities and equipment for the purpose
of customers6 pl anni ng.
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1. I ntroduction
11.Purpose of the User 6s Manual
This User 6s Manual cust omieCeunsdteadmdtirno) lpa oivd dierhEp s mh o h ¢

Launch VéMMhdl éts | aunch operations at the Uchinour

Theont ents enhceo mipoaslsowi ngs

The Epsilon Launch Vehicle description;
Launch performance and typical mi ssion profil es;
LV6s environmental conditions and corresponding I

veri ficati on;

Descriptiammesofbeatnweeenr PL and LV;

PLpr eparaaatdi gm ound operations performed at USC,;

Mi ssion Managemmingsiom|iumdt egr ati on and support se

122Epsil on LV Outline

TheEepsilon LYeneratnext solid propell anat Japeankaesi o nvahl
program |l ed by JAXA. After thbabBempplsattiammad) atplae ed
flagship LV. I't plays aukewyomoluge clapwaredchiird maglt|d apatnd
observation and scientific misoipponstunt té¢éans alos e ma
commerci al mi ssi ons.

Epsiilsona -heélgihvdeyhiécolre space transportatiowmckat!| yechh
l ong accumul ated through many v eWa ncd ec uprrroegnrtathys AdspBecr
LM Fi gldly. e Epsi |l onfoffads$ yusamunch isnecrowipdoe sathweiat o gn ewl, y
nextenerati on groundutsuppbrigmd acowerrnktte i nj ecti on sy:
budiInt PL wvs Wbpmrtdasoss teeammhu bstait el | it e mounting structure

Epsilon rocket
(2013 - P
4

e

M-V rocket
1997 -2006 P

M-3S rocket
L rocket é.}gso 19-95,-)‘
p 1970P - ;;,‘{ '

K rocket.
p 1960s P

Pencil rocket
(1955)

Fi gu-Ai@edeal ogBlp suipl am LV




13. Epsil on Technobagyhdrce mamgte

Epsilon builds on t heV haentltkygB toefc hsnuocl coegsisef&lla sM s h o
Since its fiflgEp diblsagrm & u ( & phsackshepeanb e halri Hayn(E & d U-B)e
ander i fied-2lay dE EPp3shrdodhne ne x tEpfsli-d, @b rtdh e wiWd vteh e
ablomylpt-peay !l loadrfdém this document, multiple payload
Amul tipl €Fi glne hBP s ibleceenv dilagn r e s pon édee ntaonduser s

H-l 1 A has been Japanbs
flagship heavy lifter for more
than 16 years and more than
100 SRBs have been used
until now.

M-V was the largest solid-
propellant rocket in the world.
It was a medium payload lifter
mainly for scientific payloads
for ISAS with 6 successful
flights.

x
é Payload fairing
_ th i rd
M-V 4t stage for Epsilon 3" stage Post Boost Stage
w M-V 3 stage for Epsilon 2" stage |8 ™ Avionics
M-V

Inter-stage separation systems
H-1 | MBdoster for Epsilon 15t stage

Solid Rocket LV Integration Technology .

Epsilon -11A
FiguPEpdil on LV Heritage




The enlarged 2
is exposed fro
carry a payl o
mass and vol um

The mi crosate
usesing&h Lightb
by PSC (Pl anet
Corporation),
proven track r
been used for.n

newly dele

he
depl oySeSTtOD)E i s
J-SSODa proven
i ns
I nt

tall ed on
ernati onal

&= ]
CubesSat *

Figure 1-4 Systems for Multiple Payload Launch




1.4. History of Epsilon LV

The Epsilon LV& launch historyis s hown -6, Fi gur e

2013 2014 2015 2016 2017 2018

1st 2nd 3rd 4th
SPRINT-A ERG ASNARO-2

Commercial

Development A SUCCESS

/\ PLAN

Enhanced capability

Multi-Launch

2013/9/14 2016/12/20 2018/1/18

Figure 1-5 Launch History
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1.5. Mi s s i o ag eMmaenn t

Mi ssi on Man atgoegvwetn®iefr Stuyper vi si pnovided to Customer
Service Provider (LSP). A Pr ogpaioncidinrteacctto rwiitsh aCsussit(
The Mission Management Sch@&me is depicted in Figu

The details of a standaexplMaissedni MaQlhagrptmemt6.ar e

Launch Service Provider

Program Director

Mission Management

Mission Integration

System Engineering Support

Launch Campaign

Safety Supervision

LV Manufacturing

FigufeMi ssi on Management

-12 -
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2.Vehicle Overview

21. Epsilon LV General Dat a

Epsi laont hsrteaeg e solid propel | amftd dlas!
configandwwipan omafli gwir ahi(dBBtoost )St an
enhasictosr bi t iarcjceuc flaicoys o pt i o n a lcan anoumtf
additional structures on the third stage to provide small satellites with a rideshare
option. Table 2-1 shows the difference between the specifications of these
configurations. =

Figateshioblws expl o&pd iOsioemw iogfawmi athi cam d
PBSandabl-2s h2ows Epsinleamds specificatic

Bupiey

I abeys payL

26e1s puodag

abeis sy

Tab2l Di ffebemhweerci fi cheptsiiddsost wrff i gurati on.

.Device Basic

configur

(Wit hou)
Payl oa PAR37M 1 1 1
SeparalLightbandE : - 3
SystemcCube®ap!| o 860D - - 2
Damper "H "H "H
PBS - "H "H

"H: lalels t

-13 -



Multi-Satellite
Mount Structure

Lightband® 8inch

E-SSOD
(CubeSat Deployer)
0, @0
hp
8g Q
( =
O
Ly, S
un,

I'l’/'t/, SN Post Boost Stage
R8s, ¢
(s, : i Separation Systems .
o1, \ 9

PAF-937M \3"’ Stage SRM(KM-V2c)

Avionics

2" Stage SRM(M-35)

Separation Systems

FigefieEpsilon Cosnfiguration
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Tabll 2Epsilon Specifications

Overall ‘

Length [ m26
Di ameter 2.6
Tot al Wei 96
I t ems 1'st age 2"9stag 39%tag PBS! PLF
SRBAS3 M-3 5 KMV 2c
Length [ m 11.7 4. 3 2.3 1.2 11.1
Di ameter 2.6 2.6 1.4 1.5
Weight [t 75. 0 17.0 3.3 0.1
Propel |l ant 66. 3 15.0 2.5 0.1 -
Thrust [ k 2,271 372 99. 8 0. 4 -
Burn ti me 116 140 90 1100 -
Propell ant Solid Solid Solid -
HTPB HTPB HTPB Hydraz
Il sp [ s] 284 300 301 215 -
Control TVC TVC -
SMSJ RCS Spin Thrusi
(Solid T (Thrus

* loon | yt hfeo ro pctoindfniaglur at i on

-15 -



o

(1) First Stage (SRB-A3)

The first stage is a solid propellant motor slightly modified an
H-' 1 A/ Bbds s ol iS&B-A3oThekneotor chse is made
of filament-wound monolithic composite materials, the same as
that of the second and third stages. The propellant is HTPB
composite, also the same as that of the second and third
stages. The nozzle is gimballed by electromechanical thrust
vector control (TVC) units.

(2) Second Stage ( MB 5)
Théirst BEpsiohdné&d ddBk4davi@s ode v
based on the third sThgemotfor

i mproved i nt o -3tSh,e whuorsreenperM
demonsthryatem2i I38n has 1.4 ti me
mass -88#cM increasing Epsilono

(3) Third Stage ( K-M 2)
The third stage KM-V2c is a partially modified fourth stage of MV
(KM-V2).

(4) Post Boost Stage (PBS) (option)

The newly developed PBS, based on the monopropellant
reaction control system (RCS) of H-ll A/B, enhances orbit
injection accuracy.



Separation

test

EpsilonUser s Manual

(5) PL Fairing (PLF)

The PLF employs the proven track record technology of H-II
A/B PLF. It has aluminum-skin, aluminum-honeycomb-sandwich
structure and incorporates the clamshell separation system.
Several access doors and one RF transparent window can be
installed on the PLF to provide access to a satellite inside after
encapsulation.

(6S9eparation Systems
Epsilodsbparatieosn egsh olfa w
Mar man c¢| ampt damdasy.dthé mablar mi
cl amp bangt rad vedsretp ar at ¢ ¢ obma rcd
with rockedr sdastueltluirtee

Whi Isteagas e separwmstregyr dtye¢c h h
sat el vietl @ dbsyad npynr otechni cordexv
reduce a shockinocadve osfat BLI |
small satelli.te (Multi Launch

-17 -



Cube®atpl c()EEbS'.OD)

(' 7Multi-satellite mount structure

T h multi-satellite mounts t r u cntouwwr eu d € e ent eon i,
be demonsctEmpast-4&4dn s stcarctmapmgndt
Mi csat elwiitahemsa | | satellite Dbleti
separati oms @y ptreaneed-r deh ght ban

( 8QubeSat deployer (E-SSOD)

TwoCubeSat d e plbeboarrds n c antudstait e
mount str eaft hraecaammdnoodnadtUEu b e &
mo sltd ssa htei jpe overc hn o FI-&SSPYPD dae p | ¢
nown o peorrahlénotne r n$ptaicdenaatli on .



2.2. Coor de nayystem

Fig@22eshows t hes ycsotoerndT onattia¥dToat (t he top of FL in t
the orxtaxisVoafwhiodimcreases toward | ower stages.
Tabl-2 2howst arhdcamnd és pat eenacBiL Thic®or ds patieane d or
enviroaomedcitti ons and meicrhatnhicalddonumarfta.ces
Theetdai |l s of staesnyYyasdiMicowmatdedmadtt @Gulbe 8atshbtve Append
Bandppend@rnspectively

TabI28PL c ooe(dsitnaantd ar d)
Payload coordinate origin

PL (Single Launch) The center of the

Figure 2-2 .
separation plane

Small satellite (Multi Launch)

The center of
the upper ring
contact surface of
Lightband®
The geometry center
1U to 3U CubeSat Figure 2-3 of the CubeSat

shape

Micro satellite (Multi Launch, Lightband®) Figure 2-3
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3. Gener al Performance I nformati on

3.1.

This section provides the information necessary to make preliminary performance assessments of the
Epsilon LV. The following paragraphs present E p s i Itypicabpgrformance, typical injection accuracy,

Il ntroducti on

mission duration, separation conditions and collision avoidance maneuver.

The data provided here cover a wide range of missions for sun-synchronous orbits (SSO), and low

circular or elliptical orbits (LEO), etc.

Performance data presented in this document are for assumed reference missions; therefore, actual

performance will be fully optimized based upon Cus:
32. Definotibaunch Capability

Epsilon |l aunch capability in this section is defi|
(1) PL I'ift mass is without Payload Attach Fitti ng
(2) Launch from USC with applicable range safety

33. Typi cal Mifsislieon Pr o

Theypiewaent seguencskdbdwh:oavs

Basic coni gboa)ti @eBBi glur e 3
Optional c OAH ftRBS)r at iFdng2ur e 3

Typintialsi on profi lTadl-#r 8 shown as

Tabl-le Typi cal Mi ssion Profiles

Pat h Al titut Vel oci Accel er

SSO Singl e ) .
. FigB8Be¢ Fi gdbe
Opti oni . _
c on faitgit Mu ILtaiunc Fi gg6e Figare FigaBe
(With I FLOBAe i iase
LEO

Basi ¢ mdnfoingu FigdBe¢ Figafie FigafLié Figgoda
(Without PBS)
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34. Launch

The
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3.5. Il njection Accuracy

Each inject(®hpaccE®Oaayd SI@bsz shown in
Tabl-8sBesWwl i ght results.

Tale3-2Injection accuracy

Perig Apoge Or bit

Configuration/ Orbi't Al t it Altit|lncl inn
[ k m] [ km] [ deg]
LEO
_ (50 Q@irOa hit N10 \ilo) NO. 1
Opi onal | ncijnadegh 30.5

configur
with)pB S50

(500 kuha€i, Oagbit Reo o RNo. 2

Il nclination 97. 4

LEO

(Perigee 250 km, A N25 N100 N2.0
Basic I nclination 31.0

configur

(WIthPOBUSt Elllptlcal )
(Perigee 250 knkm, N25 N200O N2. O

Il nclination 31.0

Tab3-3FF i ght resul ts

Perig Apoge Or bit

Configuration Al tit Al tit I ncl inn
[ k m] [ k m] [ deg]
Optiona
configu SSO +1. 4¢€ +1. 64 0.03
2 r ox i5n0a0t ekiml &£t r)€ © T ' -
wi pBE  C@PP o )
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3.6. Mi ssi on Durati on

E p s i missionbduration from lift-off through PL separation for the final orbit depends on the specific
orbital parameters and the ground station visibility conditions at the time of PL separation.

Critical mission events including PL separation are executed within fields of view of tracking stations.
This allows each station to receive near-real-time information on relevant flight events, orbital parameter
on-board estimation and separation conditions.

(In multi launch, whether or not PLs except the first separated PL, Small satellite or, in some cases,
one of Micro satellites, are separated within the fields of view is determined based on advance
arrangements.)

A typical mission duration is about 60 minutes in the configuration with PBS and about 15 minutes in

the configuration without PBS. Actual mission duration will be determined in the detailed mission
analysis.

3.7. Launch Wi ndow

Launwihn ds,awset based on Custsamedr Gost hreerq uciornedmetnitons .

Once t hesawifen ke®ewlg h amglea wrfc h swiumssdow e coordinat ¢ a
consi defataivan |l abi lity of alternative windows.

n



3.8. Separation Conditions

PL separati om isdgoddhed i meadharsi calPIlf iand nlgVe hbesriendge rd

381 PLlLSeparation Condition Outline

(1w ol I i si onmaanveouivdearn caef t er PL separation
L Vs h armlarieuver into a lower orbit to avoid collision or contact with PL.

(2) PL operation
Eac h deduénse of events, such as activation of propulsion system, deployment of solar paddle
and emission of radio frequency, is determined in an Interface Control Document (ICD) prepared for
each PL.
For multi-payload launch, any PL other than the Small satellite shall be released in cold launch method
in principle and be allowed to start their event sequence after 200 seconds from the separation.

(3) PL separation order in multiple PL launch
PL separation order in multiple PL launch is decided by agreement between Customer and Program
Director.

382. Altitude Control in PL Separation

The attitude control process in PL separation is defined for each PL.

PL is separated by the spin separation in the basic configuration without PBS, and PL in single launch
and Small satellite in multi launch are separated by the spin separation or the 3-axis stabilization in the
optional configuration with PBS.

The actual pointing accuracy is defined by the results of each PL& mission analysis.
The standard pointing accuracies just before PL separation with 3-axis stabilization by PBS are shown
in Table 3-4, and those with spin separation in Table 3-5.



Table 3-4 Standard separation condition (3-axis stabilization)

Pointing error Angular velocity error Separation
Payload [deg] [deg/s] velocity [m/s]
Roll Pitch/Yaw
. 13
PL (single launch) +2 +1 0.5%0.1
(For 600 kg PL)
. 3
Small satellite _
_ (For 200 kg Small satellite 15 15 0.5%0.1
(multi launch) ,
to be first separated)
N/A 17 17 0.21t0 0.6
Micro satellite See Chapter 4.2.2.1 for detail. The center of gravity
(multi launch) (CG) of the satellite greatly influences its separation

rate.

Single CubeSatina To be defined in ICD for each PL.

deployer (E-SSOD)  Details are described in Appendix-C.
1.1to1.7

When two or three CubeSats are housed in a deployer, (For one 3U
2 or 3 CubeSats ina spring plungers installed on the CubeSats will push each = weighing 4.5 kg)
deployer (E-SSOD)  other and produce its separation rate. Details of the

spring plunger are described in Appendix-C.



Table 3-5 Standard separation condition (spin separation)

Payload PBS Separation condition Precondition
PL ;
(single launch) Opt|ona.l Spin rate: 10 [deg/s]
_ configuration  Error of angular: 30 [deg] or less _ _
Small satellite (With PBS) Separation velocity: 0.5 [m/s]

(multi-launch)

Basic _
PL _ _ Spin rate: 360 [deg/s]
: configuration  Error of angular: 30 [deg] or less _ _
(single launch) ) Separation velocity: 2.0 [m/s]
(Without PBS)

Direction of angular momentum

4
—
Tary Error of angular

E r r oangularfmomentum direction / Direction of spin

Angle of nutation Track of nutat

*I mbasi c conwWiitghuoruatd i RS h e di r e wtwicoimteyod6r L&t t he t i me

i njection

Fi g8 Definition of the attitude

ar



4. PL Accommodation
4.1. PL Fairing (PLF)

PLF protects PLs from the external environment during the accelerated flight in the atmosphere. It
consists of two halves of aluminum hull with aluminum honeycomb core sandwich structure.

The separation bolt system is used for PLF separation; PLF is opened like a clamshell by jettison springs
over jettison hinges along its rim.

41.1. PL Usable Volume

Figure 4-1 shows PLF dynamic envelope, or PL usable volume, in single launch.

PL usable volume is defined as a volume that accommodates a static PL on a Payload Attach Fitting
(PAF) orotherc o nne ct i n gL ntheufadtucire solerances, thermal blankets and other
appendices, and allowsforPL6s dynamic di splacement to be caused
that the six degrees of freedom of both PLand PAForot her ¢ o nwniecatedixedg de

No multilayer insulation (MLI) shall be installed near PAF which connects PL and LV.

As mMmoktaiunch,acsheet i on i n Appoeendiwk as shown
Small satelli AppenrAdPiA®3I7TM |/ F
Mi crosatel |l itAppenBdiixght barFdE
CubesSat AppenRCBE-SXSOD |/ F
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412. AccesssboBRadi o Frequency (RF) Wi ndow

(1Access door s
Access sdeovoerrea,lbe set on PFiLeifrog!| @ clSmasisic hsdarmRell tl ii tleaur

have three types as bel ow. Their avail &#BJled2hddc.4t 1 o1

Refer to-EAfmendiex ail s because access doors may no
t hppositional relfatoom iof fpPhél BrAshseambnltee rTffoemean c & 0a a L
and closing doors, contact your Program Director.

Square with 600 grnbaicxe 6@ andmar d

Circle with a dizgrmeatéanrs sotfa nld8aOr dmm

Circle with a di am@&mestamndas@d) mm

*: These dimensions indicate values on theé5devemopg
*: Restrictishres weraohi otpemoamagrsd od vaireettowm he figure

(2) RF transparent window
A RF transpaorehytaoandeowet on PFL Wwiorth RFELIimksi mgle
Smal | satellitehiaks muwlet it ylp2umsh bel ow. I'ts avaib.abl
| PLin si ngloaSmladstlart cefi n iltrdea u mehbs ®F | i nhketes¢e sl aomech der
directihminalpfantenna in US].(See Appendi X

Citeith a did@ddemet mplface

-37-
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4.2. PL Requi sBement

421. PL Mass

The mass Pafliismigdsendowdabhe-14. 2. 1

Tab4 e21 PL Mass

PL Mass
PL (single launch) See Chapter 3.4
Small satellite (multi launch) 170 - 200 kg
Micro satellite (multi launch) 40 - 65 kg
1U size 0.13-1.5kg
CubeSat 2U size 0.26 - 3.0 kg

3U size 0.39-4.5kg



422. Static Unbal ance

Plstatic ynmbmal &€n Ge i B m@awsehdocveT aib # e 21..2

Thl 4. 21 PL Center @G&) Gravity (

PL C.G.
Separation plane height
PL (single launch) 0+ 15 mm Figure 4.2.2-1
Small satellite (multi launch) 015 mm 570 mm or less
Micro satellite (multi launch) See Chapter 4.2.2.1

Withsphar2enmf adi us

1U to 3U CubeSat
frdarmeeometriacf ceCaudblerS:

1,400

1,200

1,000 -

800

600 Allowable Range

PLma sk §

400

200 -

0 500 1,000 1,500 2,000 2500 3,000
PL .&height from separ

Figurel Al2o02able range .@@finPsi mgks bhadnc€h




4221.Li mi EGofMi csat el |

it

e

C.G. Mtsat edHdltle badleismirti pit)d dand { &)1 ows

(1) C.G. of Xsc, Ysc

C.G. of a Micro satellite on the axes of Xsc and Ysc shall be limited to either (A) or (B) as below. If C.G.
lies in B, notify your Program Director of its C.G. and mass at least 7 months before the launch. If a
Micro satellite is difficult to satisfy these C.G. limitations, contact your Program Director

(AThe C. G. | smavli it thth @ OS5 mminf r( d rheer i.gi n

Ysc

Fi gur e2 4. 2ni@QG. (0 XsYcs, ®)Mi

Xsc

csat e(A) i te

B)The nd@i@&mmN shdlilmwie th5 nnON1I5mmf r om t

Ysc

15

nominal

-15

LEZ8
5

15

Xsc

Figqgured3 4.i2ni@G.oXsc,oMiscgat e(lB)ite

-15

he

origin



(2) C.G. of Zsc

C.G. of a Micro satellite on the axis of Zsc shall be within the allowable range shown in Figure 4.2.2-4
and theirn o milsn as h a 115 mrh As tH¥% limitation may be changed according to mass
characteristics of other rideshare satellites, the details are defined in your ICD.

500

450

400 / /k\

w
a1
o

w

o

o
T

C.G. (Zsc) [mm)]
N
g

200
150 |
100 | —&
50
0
30 35 40 45 50 55 60 65 70 75 80

Mass [kg]

Fiqgure4 4.imiQ. @®ZsocNi csat eddd ttehe mass




423. Stiffness of PL

To prevent dynami,c Pdaohtghl d @egi gume dh tL& have an appro
whi chstmeetf ol |l owi ngnr Egqlulile edne2rt 3

Theat UrreelquencitegbahyiPe®@nnde intar$tbaedafadhaldlapt €ehe
requiréemedablle 4. 2. 3

| fhese reqoaanemenbs ssaomesd uras, such @psoViLddedt canhi bm
stiffness. Contact your Program Manager for detail s.

Tabd4 €21 (31 /2t)i f fness
Payload frequencies

Ys Zp Xs

PL (single launch)

: ) O 30 [Hz] O 45 |
Small satellite (multi launch)

Tab4 21.(32/20)i f f ness

Payload frequencies
Xsc Ysc Zsc
Micro satellite (multi launch) 040 [ Hz] O 80 |
1U to 3U CubeSat* O 113 [Hz]
* CubeSatds minimum natur al freqguwenaerydisthiadaln dstaadif s

the four rails of the CubeSat are tightly fixed.



4.3, Mechanicals |l nterface

Mechani calswi RABmftdheeegnnect i s@rdideesvcirciebed as foll ows.

PL(single | aumgppl)e rAPIAMNWI7TM |/ F
Smal |l s@uéklii)AhepaepAPIA37M |/ F
Mi csat e(lmbl t e )AppereRiliixxht bandE |/ F
CubesSat AppenRQBE-SXSOD 1/ F



4.4, Electrica$ I nterface
441. Separ ainomc/t oumbi | i cal Connector
Tabl e-14 .sh.ows t he number and avail abhdi umbofi tshk s
for each PL.
The umbil i csalrevanti @bl eirn singlSmalldumrsah edndte i n mi
Tabl e-16edpat &onmwmeanadr Umbi |l i cal Connector
. LV Umbilical Facilities Umbilical
Separation Connector i
) Connector(Connection Connector
PL (Connection between :
PL and PAF) between PL and LV (Connection between PL
avionics devices) and ground facilities)
PL (single launch N/A (standard) /
(sing ) 2 Lines ( ) Available

Small satellite

_ See Appendix-A
(multi launch)

Micro satellite 2 Lines

(multi launch) See Appendix-B

CubeSat N/A

442. El ectFuratsf oL
FolPL i n

Available (option)
See Chapter 4.4.2

See Appendix-D

N/A N/A

N/A N/A

singl3malldumah edrnd t d eichncthmmlttd s hawmrd obawne be

proviadedptvi arstelpar at i omaadhnnebcitlioircal deminim@glh or

(1) Command channel £h max
(2) Command Signal28 [V] d
(3) Output Voltageae3ltd [ V]

(4) Output Currentd. 35

(5) Output durati dmO0 +[/ ms]
(6) Purpose per PL r

(7)

Grounding

[ Aylh ma x5 @HA ]

i screte
max @ Low

equirement .

Command gRredwmodne d e LY({ RIle oial l Jbe



443. Tel emé&t ags mi ars&®ooweSupptldyl

Moni t,orsemdi ngstcoo nammadn dp o wte @ Lisnu pspilnyg | eSmladgsdine lhl iotre i 1
| a u nacrhe avail albdwnccurampar gtriedinad separ at iseam dmbininiecd |
connectors

During diltitgthemetnry t nameswears sviwopyyp py ovi ded
444. PLBat tleirfye

| fyemmboard b ®&tctaenrnyotofbe chamMgesadveildntVeGubierSantusl t i | 8
an®lwithoutalumbiinesxsgeei tbsatisoPEeE),0mmendedastud fhave
battespamni fconsi cagreati ioadn beft weenlaRh.c mbhé ntgi manmdgvidfh P
LV i s deoamadtbed

445. Separation Switches
4451 LVSepar ati omsaSdraokbmicfsi 9eapar ati on Status

Thepeci fiodattiVvoms® pareatdrone aavikd Rihr i bed i-h. Tabl e 4. 4.

The separat Pboinn sstiantguseSmosfabnseht eft |l ite in multi | aun
bysSP
The separ at Mioonr ¢ t ad tuesl loif tiens naunldt iCulbacuSnacths wi | I be pi
| CDs .

Tabd4 ed4l Separationd L¥Witches

PL number detail
PL (single launch) 2
SedppenrAdi
Small satellite (multi launch) 2
Micro satellite (multi launch) 2 for each satellite Sedppenedi

CubeSat (multi launch) 2 for each E-SSOD



4452.PLSeparation Switch

The standar dsosfp ePcLi fsiecpaatréat n ro ne aaanka BRhr i bed i-d. Tabl e
lfeededogpbact Progr.am Director

Tab4 e42 Separationf PEwitches

PL number detail
PL (single launch) 2
AppenrAdi x
Small satellite (multi launch) 2
Micro satellite (multi launch) 2 AppenBdi X
CubeSat (multi launch) 4 at max. Appendi x

446. Bondiamgl eblii ng
446.1. Bondi ng

Plshall be el ectr i caa#trye sciosmhenateand It vhistobulgeh8E r i cal co
at PL separatcoatipmg®Pé. s€Elpar ati oand epslcaneb eaf iAPRAFAp p e
AppenBdi X

PL sequdi e®@pepsar ti tianffner , met abon dviiradgli poietfte 1 0 mm or m
agd beneasdfrdbrondi ng r.esi stance

CubeSaéespeschiadllliywawei ngnploe ntade cefss dood homledas e
t o hbaen d& fettheeri inmgsetda BE-5 SOD.

446.2. Shi el ding

(1) Poiwee
Shi ebfl poawmdi | i aarl@rloiumedne dt h e tshigd ® ua i dasandlil leiddtn t h e
sidéeLffThe bounbatlh desthe connecoPhgapdi bV

(29i gnal Line

Shi sebti goabi lliisnal @gr ounamaod tsh defs hgruond fi@snliV¢The
boundalroytstiordes i s at t het bengeounaglfiadriFiL) t i es

Shi e6®L and LV are electrical pyammnmhAk.ted at PL sep

The furtheroni rufhobrinfaiteidnelsdsdescri bed.in Appendi X



4.4.7. El ectromagnetic

447.1.El ectromagneti c

Environment

Environment From LV

The | evleelcst-froeft deli @&td ) PL s epplaagaetnies lay eedmisé s o moar d
equi pment and USC f&cgurelidsdaire shown in
Radi o prolpeudalesintaerd around USC ar-8. shown i n
180 +
160 - D
B EF
C
140 G
A
E 120 -
S I
£
o 100 -
5,
(5]
3
T 80 -
Q
LL
EGO—
]
40 -
20
0 — 1 = e — m— —
0.01 0.1 1 10 100 1000 10000

Frequency
400500
220@290
3050
5236790
9410
9730740
100000550
*LE| e c tfriied al
*2For

|l evel
mi cr o

E i

El ectrical

gur el 4 ed4 . ®ofEd e c tFriied al

frequency[MHz]

FEWMém Reference (
121
150
134
154
148
149
135 G

at( lddtHir @ G Hzi)& @) 8 e\i/Bm.e s

Mmoo O W >

sat el,kelidgcet riinoampeuxl €t ét etdleslluencthr | csafti el d
freqguemocrieest han f belv eMH/z s melr ¢ s ¢

Generated LV

by

RF

Tab

| ev

t hamurd.nfg ssgegp.ar ati or

and



Tab4 e41 Radi o prolpzurdalkesl bfies in and arou

Faci l 1 2 3 4 5

Transi100Q4025MHz]
97 40MHz 97 3[OMHz 94 1]OMHz 3 0 50MH z
FrequelO0O50055WMHz]

Tr ans.|
F)Ower55.[11IBm] 50 k W] 29 kw] 2 kW] 30 kW]



4472.PL RF Emi ssions

PL aslhloa miE#Fi ebelyond etvleé sPL sepamatvieoan im Ri gure 4. 4.

Micro satellites and CubeSat s, which are in princi
E-Fi el d.
140 4
120
100
£
=
%80-
560— D
E B
40 -
C
20 A |
A
0 + + + o 1y Ay
0.01 0.1 1 10 100 1000 10000
frequency[MHz]
FrequewHay| EI e c tFriied dl diB&/V 1 Ref er ence
400500 17 A
153A565 60 B
15648585 30 C
1588620 60 D
*Electrical field [(ddBEE1l @HzI)g heed/Bm.equenci es
Figdr d2 Maxi mum E-FeetditaelVels Acceptablleanteo L\




4.4.8. Communication Link to PL

Speci fi cetdiimnsf refg@aencommuni cation | ink with PL a
mi ssion is assigned.
(1) RF telemetry and command 1| i nk

RF telemetry apar e ommmentidd @& @l maknEKGSE. Tdhaeravian daibli e g

aperiod dpematPiLon tdm ogrgdiu ijldiisftt dofeff or e
The |inks areMnotoavat ¢lalbil ted oand CubeSats in mult



45, PL Environment
451. Mechani cal Environment
4511.St eady State Acceleration

St eassdyate accel er dtaibdée.-14s s hown in
These figuhegpasmhoiwi mbeel edwartii mgntduweatr dmset art of
| aunch o@reraqgrtdwmd hteh redldg lkodpar at i on.

Tab4e 1l Steady St aton AdAct@leexrcadtmitr oPLgr)ound

Longi tudi Later al not e

-Accel eration ap
where PL is hang
crane of USC.
-Acceleration app
connecting point
afterm&®tLed Wi t h

On Grou 9.8N197%6 N9. 83[ m/ s

-Acceleration app
to a gust at ma

1st - .
S 22.4N117 2 24.5? [ m/ s|pressure during
N -Siemui val bnatatailos
addedn 1st stage
60 [)Im/ s -Acceleration ap
2 nd (Basic Conf thrust during 2n
59 m7 s 9.8 I m/s
St a 9 ?]. |
(Optiona
I n Configura
Flid 9g mi s -Acceleration a
8_[ 7 9.8 I m/s ) P
3rdf (Basic Conf _ thrust during 3r
Spin (Ran et he:
St a 66 [(Im/ s

_ t860 [deg
(Optional C

-Accel eration app

Spin (Rart et he to stabilize 3rd
Spin t860 [deg/l2nd/ 3rd stage se
Phasg ) Spin Rate Acoq -Direction of rot
the rot ®Jaxeis on the roll axis

system ( Xb)
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4512.Si AREequi v &/lidnrtat i on

Si regui validnmtasi ehown .ibR.1Tabl e 4

Tab4 &-21Si fEegui v¥i bnalt i on

Longitudi nal Later al
Freque Ampl i { ¢ dipod Freque Ampl it
[ Hz ] at PL seplaamég i on [ Hz] | [ ( mMbo$
at @.LG
Sing
Laun 4353 8.0 (Basic Config
4.9 (Optional Conf 20100 3.0
5357 4.9
Sweep Rafzect/ mi n] Sweep Rdtoet /

Al | esa x

Ampl i tud®p[ (m/s
at PL seplazemti on

Mu | t
| aun 4353 9. 8

5357 4.9

Sweep PRaf2ect / mi n]

*1 AT | evel
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4513.Random Vi EBnaitiomment

Randeoinbr aegnvononmenti fiav | =hdxdwrb . 1

Tabd4 . eb53 Random Vibration Environment
PL (single launch) N/ A:
Small satellite (multi launch) Random vibrati ofosmalndvti éliol$inmean
by hecsd behdw5. 1. 4. Acoustic
Micro satellite (multi launch) Fi gur el Bal €54 1
Al | vaarleteseppedramd i ght bandE u
CubeSat (multi launch) Figur e2 Bal4 €55 1
Al'l valadued narnlkmd b atSISOD. p




0.1 -

== Direction in PL attaching face: Xsc Ysc
== Direction of PL separation: Zsc
0.01 -
I
[
0.001 -
0.0001 1 1 |
10 100 1000 10000
Frequency [HZz]
Figudr 8l Rand¥&mbr aBnivwinrooMea®aot el | i t e
Tabd4 eb4 Rand¥&imbr aBnivoinr ocoMean$aot el | it e
Xs,&fsc 20 10PpHz 6 [dB
100 60pPpHz 1. 45 2@/ (Ha (0. 01 %/1H)Y ]G
600 100[0Hz 6.5 [d
1000Hz O0.481%f] He (0. 00% HEzG
100(C 200[0H2z -10 [ dE
3Gke O. A. 35.3 Y m@B. 6 [)Gr ms
Zsc 20 10PpHz 6 [dB
100 30pHz 1.53 2@/ (Ha (0. 01 %9HM ]G
300 100[0Hz 4.6 [d
1000Hz O0.2422%] He (0. 00238 H)z[]
100(C 200[0H2z -10 [ dE
3®e 0. A. 29. 4 )r(m@. 0 [)Gr ms

*1 AT | evel

RN/ N g
=

gg‘*/x ¢




0.1 -

0.01 -

G2/Hz

0.001 -

0.0001 1 .
10 100 1000 10000

Frequency [Hz]

Fi gdr 82 RammVi br aBnivoinr oofdabhée Sat

Tab4 €55 Randv®imbr aBnvwinr oofdebhe Sat

Alles| 20 10pHz 0. 09Qq8H”/sH: (@O . 00 0 9% H)
100 30pHz 11 [HB/
300 50PHz 5. 21 @RIsH: (0. 05 &R H) |
500 200[0Hz -9 .[5d B/
3e O.A. 50.0 2fr(me 5.1 [)Gr ms

*1 AT | evel



4514.Acoustic Vibration Environment

Acougithrcagnivom onment i s sh®wnThiinm Teanbvlier odn.nbe.nltMi ic$ on o
satellites and CubeSat s.

This envirohhenduwxioivieatsi oy ilmdusceéeddugd nnfjotoofrf and by
fl uctsdaitrifchrgighohtt he at mosphere

140

135
130 /\

125 / \

120 /

115 \

SPL[dB]

110

105 \

100 1 1 i
10 100 1000 10000

Frequenc
Fi gdr 83 Acoustic Vibration Environme

Tab4 €56 Acoustic EViivb matnimem t

31.5 117. 2
63.0 123.7
125 128.7
250 132.5
500 126. 7
1000 114. 4
2000 107.6
4000 105.0
8000 102.0
O. A. 135.0d B [ second3s
*1 : AT |l evel

*2 dB 0= 2Pa 10



4515.Shock Environment

Shock envidefmimeed filBeceaddp@dodPLmass characteristioc
stifodPRebsasck fr ame.

For refasrteamadea,r d shockskown riommFaitillile d4dh e rkea $ @ d sheen
ti mePLofsepar atpipdniteadbd i n axi al asthockdil avelisr actei i
speaxt( SRS) with a Q factor of 10.

Tabl e-74ASbadndhodEnvVironment

50100[0HZz] 1J dB/ oct] Fi gured4 4. ¢
170120pk ¢
100@00[0Hz] 9810m7{ 10 GD)
4069 kgl 1001 000HZz] 7.[8dB/ oct ] Figureb 4. ¢
i at Lightban
(Micro s 100-@00[0HZ] 495[2m?](35([$])( ' g '
1001000HZ] 8. 28& B/ oct] Figure6 4. ¢
CubesSa at i n sptlalnlrea
! 100@00[0HZ ] 40664 TH] ) ¢ ' N
SSOD)
10000 -
1000 -
2]
@ 100 -
O
10 -
1 T T 1
10 100 1000 10000

Frequency [Hz]

Figudr 84 Bt andShopdEknviroofnég-dpP O0kog PL
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10000
1000
2 100

8 ‘;z’
) -
7
=
10
1
10 100 1000 10000

Frequency [Hz]

Fi gdr 65 Bt andShopdEkmviroothéedkg PL

10000
1000
0 /
» 100 »
& ‘;ﬂ’
7
/
"4
10
1
10 100 1000 10000

Frequency [Hz]

Figdr 66 Bt andhpdEkmvi roof@®abeSat

- 060 -



4516.St atic Pressure inside PLF

The depressuri zatduwrni trodeptetsi nst dexPeEd 5.0 [KkPa/s.
Aytpical pressure profile i n«iAdydp iRilef ries suhlro @Eradifi miné
insidesPERown in8Figure 4.5.1

120

100

80

60

40

Internal Pressure [kPa]

20

0 | |
0 20 40 60 80 100
time[s]

Fi gdr 87 Typi cal Pressure Profile insioc

\ /

Depr essur i fkaPtai]Jo

0 10 20 30 40 50 60 70 80 90 100
ti me [

Fi gdr 68 Typi bamhessur RxtdRiriodn | e i nside PLF




452. Temperatur e

4521.Temper atur e

Temper atur e

and

and

and

Humi di

ty

Humi di ty

charactenmrdasunch season.

For

Envi

Envi

Configur at icoonn do ft itohneo nagitraemeacémpad i s

S

ronment

ronment

reftempercat lhumi éemdyr onnme ouinanshdabl e-14. 5.

h-&@ wn

on

2
i n

Gr o

humi di tfyorsnPRL de haneeatiC Das egr #lnd her

Fi

Tab4 e5l demperature and Humi di t yo f&navn draorndmePnlLt
M Assembly Building
Location M Assembly Tower On Launch Pad
Clean room In Container Clean Booth In PLF
LV Assembly
Task PL Transfer Assembly into-ll;/lr%:sssf:;bl L\;tL.Ja\pzer Launch pad Launch
Assembly | to Clean Booth with LV Upper Stage Y 9 without umbilical |with umbilical|  roll out
Tower VOS AC AC
Ar C‘z/zg')“oner Building AC N/A Building AC Umbilical AC N/A Building AC Umbilical AC
Fluid Air Air Air Air Air
g | Flowrate N/A N/A 28 N/A 20-28
=] [Sm3/min]
3
c
S Tem'[)er]"’““re 21-25 not controlled 20-25 8-27*1 Conft]:)tl o 15-25 8-27*1
H“[m"]j'ty 40-50 40-50 40-50 50-60 40-50 40-50 *2
Cleaniiness | )5 500 100,000 5000 100,000 5000
Class

* 2A0

r c 0 n dwii

*I Temper at urac ccuornasc3® |

tt ihbbomimh g ¢ aitd oavail abl e

at

.Cust



Cooling air inlet

Temperaturel/
Measuring Po

—
-

Figdrsel2Configur at icoonn doift itohneo nagitremscédmpial ( and
Assembl y aBsuiolpdtiinogn)




4522. T

T h ena

CubesSanroadffectdbedsky aethbercat bayiensi-88 08

her mal

Envi

ronment i n

Flight

I environmentdui i hedoedpte npdhse doenc tacsr sTabl-2 4. 5.

Tab4. &-22He aftac f or PL
exi stnot
PL Mul t i Laur
Flight PHh heat f ac: detail (Sin Smal Micr Cube
Laun sate sat e Sat
Lift of f Radi ati on
. ) ) 4. 5.2
-Fairing selinner surf a
Aer ot her mal 4.5.212
Fairing sep/Sunlight raj
-PL separ
P Earth infra 4.5.222
Earth al bed:
3rd stage m i i
g Radi ati on b 4.5.7232
-PL separ pl ume
Lightoba
; temper ¢
Li ft
i of f He at conduc ' er a
-PL separ LightbandE bet wedn

and5®

2

e Xi

C

~



45221 Bef oPrLeBetti son

The thermal fluxPdé&mssiltysr adidmt dd 0OY [ W/ m

45222 Af tRurBettisoning

(1) Aerot her mal Heat FIl u
Aer ot her mal heat f 1l ux

astandard SSO mission

X

of free *tolecular flow is
For reftemeesawuadpaeadfot herfmalbx hefatf r ee amodneicnuala rf Ifil gohwt

Bs shown

in Figure 4.5.2

1.E+08

1.E+07

e Standard SSO Mission ||

1.E+06

D

1.E+05

:under 1135 W/m2
1.E+04

PL Interface condition of aerothermal heat flux of free molecular flow

v

1.E+03

1.E+02 PLF Separation

1.E+01 (‘/"

1 2
[ B Sy )

1.E+00 —b&,

1.E-01

\

Aerothermal heat flux of free molecular flow [W/m2]

0 500

1000
time [s]

1500 2000

Fi gdr®e32ResulAerof hele affh U xXFrefdo | e ckl loawNoi nmi rFlail g h't

Cour st aonfdar M

§$§$100n

(2) Radi ation by Sunligh

t, Earth

I nfrared Radiati on

Sunlight dimwmelddi pnepéohealfddeds sAnoanl ysi s.

.
[



(3 Ther ma

Ther mal

external

He at

Thermal flux reflected from the 3rd

KW/m 2]

stage motor plume][

f

Flux from the Motor Pl

| ux

coming from 1st, 2ndheamdl

surface caused by532 d s
alMiecas aotfe |l | i t e iim muhlotwin i @brFdlgur e 4. 5.

1.3

1.2

11

0.9

0.8

0.7

0.6

0.5

0.4

ume

tage i s shown

400

500 600 700 800 900 1000 1100

Radius distance[mm]

Radius distance

Payload usable volume Payload

Adapter

_(Thermal flux definition region)

3rd.st age
motor

_—

Fi

L;;;j

Thermal flux definition plane  Payload separation plane

qur &4(20/ Ther mal RBlridot or oml ume

n

PBRpish g me

F i



Mi cr o soatieg

—
— .

Direct
separ a

(- 150,520) ... | ~
N
(o)
S
(- 300,630) - =1
3
90 >~
Yo 270
// (173.24mm)
PL usabl =
in singl |
S ) N = ESMS | ower
( 2070) 0
PL usabl e voA
satellite i nBOTTOMVIEW
He at alMiecas attoe | | iit @auine hmul t

Fi gdr 856 T2 her mal RBlridot or oml ume




453. Cl eanliness Environment
4531.Cl eanl i ness
Cleanliness Environmemt3is shown in Table 4
Tabl e-14Chbe&nl iness Environment

Task Locati on Cl eanl i nes:
PL Assembly Cl ean Room 100, 000
Transfer to Clean (I'n transfernot controll
Assembly with LV ujfClean Booth |100, 000
Transfer into M Ass_(EncapSUIatES,O*GO

in PLF

until Lift off ffn;iES”'ate5,deo
*1: Property odt chhmbBléet i oni ng air

4532.Contaminati on

The maxi mum organic

Fromeing cdMr Asedmbhy

From encapébubagpmamat i on 4
After 3rd stagle deparedtiinemd i n

becatutbeyi maeEkSSOD.

cont amibredtoiwoa lhlemwaiPlLg sur f ace

Building 2t Ppmgnomveekl] ati on

Flmg/ m
caarceo t | GO .f eCu leaS aty

c

«
<
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Requirements

4.6. PL Compatibility Verification

46.1. Veri fication Logic

PL strucittosbeo asergdi i p me rhta vtelhaal pialbd ft ywi t hst andi ng
LV ground and flight

1.

PL

Tabd4. &4 PL

VernfliLogitco

Si ne

. . Rando
Devel opn Staticequiva . Acoust
Vi br a
approac
Qual i fi
Struct U Shock Test
Test QT QT .
Test Mo Anal ysi s
(QT)
Cover Shock Test
Protof | QT .
PFM by PFM Anal ysis
Mo d e | or
] Test *| acous Test * or
( PFM) by herit )
test byheritage
FIlight ) .
by herit AT AT by herita
( FM)
* 1 I f qualification is claimed by heritage, t
actual flight must be demonstrated.
*2: PFM approach méAa@anduatl ewmel ssweep rate.

46.1.1.Dumm@a s e Miobrr aT e sobnf

Adu mmga sie s
De tsamirkeh own

he

Culse Sat

av diodriatbrl teessotfn Cub.e Sat
in-AGppendi X

-69 -
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46.2. Safety Factor

PL qualification and accepbaneda atf mstysgfieaveanosi naTea bd ¢

PL shalelnohigehegfi didhese safety factors.

Tab4. 8 Test Facd oDsr ati on

Qualificat Protoflig Acceptanc
PE g Safet Dur at SafetyDur at Safet Dur at
facto
Stati 1.25T1L 1.257TL 1.0T1L
Si ne
: 12 T1 1
Equi va -
| 1.251L 1.251 1L 1.01L
Dy nami
Rando ]
) Covebgdacoustic
Vi br a
Acous| Limit + 120 Limit +H 30 [|Limit 30 |
Shock Limit +2 ti|Limit +H 1 ti|Limit 1 ti

-70 -



5. Uchinoura Space Center
5.1. GeneODakrview
511. I ntroduction

JAXA owns and opelraunrcshi tiaog @essphd anea  Pwheifcehc teurceo mp as s
sout hernmost pal anachaKignu sohfu smal |l i sl an@Seet FeEg-uheéen
1) .

(1) Tanegashima Space G@GBemteanwvw ydTNACRN#oH Japan

(2) UchineouCantSgpracl dpa)moadlds:Epsi | on LV anode kseadSn0dS Sn
and others

USC is Itohmeatseaduti meast of Kyushu |Island and its nea
i's -howor flight from Toky®h. The |l ocal time is GMT

USQ s the historic place for Japamesfi snptaspageocrdf
Oh s u mi was |l aunched byYSaRcoleétd ipmopBFDantSi hce t he

propell ant rocket s, i ncl udli amawgn sharch dfi MmgmrWwE&.et s, ha:
USC hasear | aunch azimuth from the East to the So
facilities: {{LP%ee Figure 5.1.2

nLaunch Complex (Nagatsubo Area)
Launch Complex, used for pre-launch activities from PL preparation through PL/LV integration,
consists of the following facilities:
A M Assembly Building
A M Assembly Tower
A Launahad
A M Control Center

NMi ssionCOomptl eaxl ( Mi yabaru Area)

Mi ssion Contr ol @proximhtey.5 knssodthvestaot Lauhch Complex. This
complex is used mainly for controlling final launch preparation and liftoff and for tracking LV. It
consists of the following facilities:

A Epsilon Control Center
A Epsil on Ceunpgpear t
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Fi gbr 1. 1 ocati onanod TUNSSOC

-72 -



Nagaltosiub

&=

.. M Assembly Tower/ M Assembly Building

Miyayabrar

a5

{

Epsilon Control Center (ECC)/ Support Center (ESC)

‘l,

. .
=7 Missics) Confrol Coonplexr
&>

5 15 a Lach Cdmpl€xo mg
(MMCeiGee Rlbtean) F

Fi gbr 62 Dut |l ilhcehiofoura Space Center

(v



5.12. PLArri val

(l) Kagoshima I nternationaill)Airport (See Figure 5.1.2
Kagoshinmarnati,ohel nhiar got tUs&dCs par 3, 000 meThe hAbnpgo
is conned™iS€ldy wd trmh@adatbol1@m | ong) afpoprr ogparicad et r ansp
| aunch campaign team travel. Thebasstsomorofcfairge iid
abonded area.

Figbrdl Kagoshima I nternational Airpc¢
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(2)Shi bushi Harbor -2()See Figure 5.1.2

Shi bushi Harbor is | ocaWaed Baytbe tbasOhstmiShPbnos
form this harbor to USGE@nliasndap plrhd xsi nhaatrebl oyr 4cOa nk nb e
uhoading of heavsyt raamd poultkeyd dar grae s s el

Fi gabr 82 Bhi bushi Har bor

-75 -



513. PL epar adat ouSC

PL eprar atti o0unSC i s mainly performed in Launch-1Gompl e
Theompl ex Mnags$sembBly Building, M ContamtdaCremhitierg

M Assembly BuGlledaoRoga vhaaisIf ady | -lenaoznar dpes at iRPlnist fadrs o he
Cl ean fBmrotha ongpredassiomsas propell ant | oading, tank p
Thetazardous apreemrmdtmoinygwtdorf MoGontr owh€E€ate dmE&SE

forc®h be iDérniahdg a@ldanmenic hs togpfeforast ndaevveada b tCoont r 0.1) Cen
Hazardous materials can be stored in Dangerous Goo
Propell anempamsdmeledd in Clean Booth for temperatur

In Clean Booth of MILAgasembdLWpBer| dbhdgeapsulPdtFed Aff b ¢

t hathencaps WPlLatiesdns ft or rMe dAs s e mb |ayd eTdoi wecearttetdy bcearl aunch
Launchi.ng Pad

M Assembly

M Assembly Building

Figurel aun®h Complex (M CEgeeWVNi B




Q) M Assembly Building
Fi gur e2dse.pitcBte | ayout of M Assembly Building, which
1 Assembly Room f qrr elpMarianttieognr at i on
2) Cleafl7Rédmdi cat ed-htaar Py r at i on
3) Clea@oBdtmohh®tar dpoeursatd wntspracspel | amnpdlyeadi ng

i nst alaln@tli Mna t iorpger ati on
4) Chadk Rnemt t o C)feoarrn PRa am icchresc kf ooru t

ar ei amgmd | wibhHR@a dc o m taanoda dortsh er s

Forklifts
the communication and detswor beidn-i @l A

Equi pment for
D.

in Clean Booth of M Assembl
and finally
is transf

PLUVmat iopgr at sonducted
fixad WwWayl oad AttabcbnFintegy8B8cRABSYADe@

PLF in vertical position. Encapsulated PL

part of LYV.
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CBFront roomCB

<« 11m

Clean Door Chan g Rnogr
Room (Up range side) Bt /,/ Air Shower
- e
i \Front | Booth
- Lock ' Roor ﬁ CB)
gheck- Out [4—Air Shower | / $
oom :‘\Channgcgr -
4l Y1 N A 1
Assembly
Room
Door M Assembly Buildin
(Down range side)

Figbr 2 BM Assembly Building Layou
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2) M Assembly Towenl.-8See Figure 5

M Assembly Tower i snusgmdaflioenfiEpdlrsaMisiloarg,e i ncl udi n
PLEncapsul,arktagsPéd andlhashisamgeB@adnone aty aored | u snign
i nstall ed iTnh eNhaAcsi dienrhhi lleys odeicat ro.m needath do mposi t e

crane
electrical arddliawrsch tprseaparations are performed. T
by a venticlbaneochedubet wePhRichke smadsto #hdthe awnHi Bahbl

fl stohr ough optional access doors installed on PLF.

PL Access Floor

il |
2nd motor
assembly

Transport PL with PFL & e
(M Assembly rooffigM  Asemblytower)

Figbr 4 BV AssemblAgsiembly Tower
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3 Launching

Pad. (-58e
Onal aunch m8msi, | on

LVLwubbohPhgoPRhddi sAigd s  niltmlnye M
position count down.

Figure 5

l aunching

for
| toff tf i s

t o
Af ter

ter mi nal
initiated.

M assembly tow
Ys

Laupcher boom
Zs

\\il'urnlng

L -

Fi abrle53Epsi Von L aiunkmH

(4) ™M Centeol
M Contr ol ICeematderds s ebBnbil lyam d v e mbolweirs avaiRlelaen f or
duri ngpePrlaonogr,onndddi tCoohRamobm PdhesicCh&dpder 5. 1. 4.

-80 -



514. Facilities for Launch Operation

PL team shall stay ianEpsiillom SwpugMirals iCeam@e@somp ti e |
Mi yabAarecaur i ng | aunch preparation and countdown f or

(DEpsiGoomt r ol Center -1)See Figure 5.1. 4
Epsil on Contro-bt Goeuyitleds eidga d amir nwae t r at i ve nognrea gaet nheomt
and coordination of cloawnn dbly wohiVe manrda tPiLon eamd .

The Epsilon Contr olmacC eotitywsoro oims :composed
1) PL Control Room dedicated ts,0 ®rhdt eam f or PL re
2) Launch Control R@€@9dm (See Figure 5.1. 4

This Center is used for the following operations:
1) PL -€htck

2) LV and PL Battery Charging

3) Launch Countdown

4) TuVacking

Fi gbr d1lE4 si | ool Chennttrer

Fi gabr 2 4Launch Contr ol Room




2)Epsil on Support Cle# er (See figure 5
Epsilon Suplpastf iCeaft@em o meatnhd tPslamMm he bui tdhngwi sd
Epsilon Control Cent erh éiiryil asoff cownrf fera o ecerreerviad ¢ rafbld ret ef aom
with desks, chairesetcand working table

Epsil on

Control

Fi gbt.e8 EpsiSuppOGent er




52. Gener al Charoafc tFearciisltiitcise s
521. Clim@onditions

Thaveralgiemate cdibdidne oms fadl | ows :
NThe ambient air tempeSfAdfOuTe[dEabi es bet ween:
NThe relative humi3d@lQ rva@]iletO0 bet ween:

52.2. Power Supply

The Udower f @a@inl istunpedsinyt er mi tt ent e f e cJtarpiacnaels e

standarpd 2Wp-6MHZ | f el ect rwictahl optohweerr s meceidf i cat
contyaocutr Progr.am Director

Uninterr uptsiuplpd ypdEweRrs sm al so bwmeikldelddenytoauat
Program .Director



523. Communi cat DatiNaea nwd r k
5.2.31. Oper ati onal Data Network
Data |inks are provi dEGSEb eatnwde ePril atdhper fieCuasrtaot meorn .

data can be altsdEpsahsesmi Coaedr dli n@&d n tceoru nd wWroiwmg

Tel emet ry d¢o mihealnedmebtertywe eonEGGIESs tamme PL are direct
by the $o0ll owing

1) RF si®malds in S

2) Wiredahsmkssidepesgeedn p(ruopt otcool64-42Rpbps] fo

Dedi catedi sepwbekaveen PL Control RRwom and Cust
I f other datmeendkcadvopkactPerogr.am Director

5.232. Communi c Mettiwonr k

The communication networks are available for C
USC f acThkQpteireastln toemrad o mmuSyisc eetnm o(OlpgSr)ovi daedudahi n
campaign for commugni c@pOmnatnerhsa.nnel isheal evxchused

usef tPeLam.

5233. Tel ephone

Per sonalp htbanred yS(P Bl feeam nientgh e out ardeatvankabl e in

5234. | nt ernet

I nternet ports ar edsa voabiblimasbel oef iEnp sGulsotno ngeurppor t

5235. Standard Ti me

St andarsd gtoiamepbeoviadedptarenddeedednt act your Pr
Director.
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524, Transportation and Handling

PL is transported in two ways as bel ow:
(1) Covered in a dedicated PL Container bet we
(2) Encapsul ated inside PiLikg ba&ndveM nAds émisleynbT

PL Con®Gaiemei ronment iastof€lgeudkavoanh.e nTth et oCotnht ai ner
5.21L 4 s available for Customer use.
Handling equipment ft melilseyasvog idrasdbrdes faeord Cust on

and ipsrsupqiuingmeret t.ispethaéantditpgg deaoui pPrhbasthal |
prepared by Cust-t msh.owsaldhsa praibzifddrt PL t eam har
operations.

e e
e - br i 3

Fi gbr &l ayl oad Cont ainer bet wedBoaotChean R

Tab% e2l £r ane CafparbiPL tyandl i ng

Facility Capabil.i gt .
M Assembl y Clean RQg 5[t on]
Clean Baqg 2. bt on]
Assembl y 50 ton]
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525. Fluids and Ga

The f olfllowiidhsgy and
services
1 Compressed
2 Gaseous
3 Gaseous Helium
4 Liquid Nitrogen
5t hah cohol
6) sopropyl
7PDemineralized
The specifications
assigned.

gas f

Compressed air for

Bui lama®Mi AssemblfyorTolwezar dous

nitrogen

S €es

gases
bCausset dosmueprapne st s
tool s
( GN2)

( GHe)

or

wi t h

(LN2)

al cohol

of

(I PA)
water

each

I ndssutpmpil aledqgaas!| iotp)

fluid and gas are t

br ecaartelviam ¢ adoh@ dins CiMelaad 8mdt

operations.



53. Operation Policy
53.1. SitSecurity

JAXtAaksescur ity measur éapaoplagpvwes aannd wiegsgud.at i ons

The security measur esspuitncnloud,d itnhie efdoltloowi ng

(1) During |l aunch W®ECriag i nastrnicctesad amd t he e
Nagat subo and sMiralwaoamuradnéead by security st a

(2Alelnt r anfcaci ltiotprespdraatddhr oadedi byt ed el ectr (
reader systeamataewnidod i zné dwiptehr sloh ncedr d s

(3)t WodfIf ameleat egrati on areas such as Clean Room
Building are | ocked.

532. Safety

PL teamrequiredf obl swifmiptf etblyaevdh | uat i on
l1Propelnaamsgsci f i weatgihotns /
2Pyrot e nhmdapcesc:i f i weaitgihotn s /
3Hi gh presgaasneeggeci f i praetsiswon se/ne

USC t dlass c safety mekaeseuprieansg,e sewxah najsu-ais th eiknst & n ¢

pl ace

Before a | aumddinscameraoghl, st aamequired 6safatiyen
trainingregwvwiudse by JAXA.

During |l aunch operations, JAXAds Launch Site

hazardous s.®Phet @aimosrequired t osfsaurbnmany padpecredtuir ey
potentialt demmgpemh tSoéte Safety Team for approval

533. Suppdbor PL Team at USC

LV tedmeegser al optitoddlal t s@meit Bek o ytoact Progr al
Director



6.Mi ssManagement
6.1. Outl ine of Mission Management

LSProvMidesi on Maamiamedeattessf ul otompluptiloasneée mygi c
a contr.acMi ¢siram Management covers various acti

1 Mi sslimthegr ati on
2 ystEmgi ne8upmar t
3L aunGmmpaign

4 Saf Super vi si on

Contractual hed werni ICISKt bamele speastfatememt of

(SoWantdechnical specifi adateiscmrd bEldCD narChap@®Rr 6.
Based on t hese,ar epspoayrrsaini iedlp irr teicet soltr§,P iivse aopfpoi nt e
apoi ntonmotiwmic@Gihst omer and iforr eomamdaicttdu@hni c al coo
throughout the program.

Eacahct i Wietsycriisb g |il mswtichha) on s .

Mi ssi on management starts from appointment of
oLaunch Eval u@de ons Kketpioon 6. 3.5). Launch schedu
SoWw, | CD and JOP agreed by Customer.

Aytpi cal scamdcedwlieonf artanagement unt il | a-dnch day
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6.2. Mi ssion I ntegration

Mi ssion I ntegratiomfMeetarng &BGndmvaheo®schtcot i vit
i nteduat eédmemi ssi on into Epsthoowmdatnicrhg olp@D.,at e to

Cust omer s mhelclessalh mirtnautcihd B based on 1@a$0tdhitean
Ki ecokfMe et i ng.

LSRill prme@@rder af tCusatsc@msleerguni rsamednt nf drtypitc ah.
schedule is shown in Chapter 6. 1.



63. System Engineering Support
6.31. I nterface Management

The techni csalacient e oftaweodo cluynent s alsf frmod d tbhwesr.
documents can besfaghhdegar 8¢ h@dclodsetsh ssheown i n Ch
6. 1.

Document Contents
Interface Control Documents (ICD) | Technical interface between PL and LV is defined
and mission analysis is performed based on this
document.
(Typical example)
Rev 0: after signing a contract
Rev 1: before Preliminary Mission Analysis
Rev 2: before Final Mission Analysis
Joint Operation Plan (JOP) Plan for joint operation of PL Team and LV Team
on Launch Site.



6.32. Mi ssion Modi fication

Mi ssiodi fM cat,iwdn clanhesheet hr ougherafracaen gebnetnwe e n
Cusomer andrleSBhown #1n Tabl e 6. 3

Tabl el 6Mi3ssi on Modi fication | tems

PLSi(ngbhench) Locatain@dmmber of P
Smal | Satellit Dosandbdocati &®kif &M n:

PLF Acceds N/ A
i Access doos st hnmaoy!
R W Do Mi cro Satellidt ( . ) y
arr angewietnh spit he s

Pls)

CubeSat (Multi N/A

Phaseof separatdo
separatiemndprsiempg
connoesctmay be chan

PLSi(ngbench)
Smal | Satell it

Il nterface )
Phasef separ atbamc

Mi cro Satellit separati omrs c amanje
changed.

CubeSat (Multi| N/ A

PLSi(nghbench) Phascef Xsc afdmaYysc
Smal | Satellit changed from st anct
Micro Satellit PL usable vol ume

PL can by ot ath mZnsge
ax,jpsrovided s enteteit 15¢

PL Crockin

CubeSat (Multi| interrfegqaued rement s n
Chaptemning det er mi
Pr el i mMlinsasAoanl v si s .
PL ifddl e Launch)PL Usabl emaiy | menea
Smal | Satellit as | onPPAF a saPnldF @& 10 ¢
PL Usable mjicro satellit affected

CubeSat (Multi| N/ A



6.33. Mi ssion Analysis

Mi ssi onis Anal genducted to ensure the achilk®emer
compati biRLlnhw.lbtf gereer ally consists of two phas

(1Prel i minary M{BBAPN Anal ysi s
(2Fi nal Mi ss{ &MAAnal ysi s

Typical Mi ssion Anal y$6e® Thaersee sahnocaw ny sseesl elzabd b e
according tsd¢d ad hmios giho mwisiss soinoerr

Tabl e2 6T.y3pi c al Messsi on Anal ys

Prelimir Final Mi
Mi ssi on A Anal ysi

Type of Anal

Trajectory A a a
Separation A a a
Collision Avoi a a

Cv

Contami nati on

Cv

Ther mal Ana
CouplLedd An(adLyA

C




634. PL Design Compatibility Verification

Some t estisihasbhoe®n6c.a3n be carriscdrectiieyasomptlki amc
t he mechanical and el ectrical ciomtfeorfmanesr Gdemeve
condition.

Tabot eB Optional CAmptlt isdefrcdef i cati on

Fi-theckhn be carriddigtitofu

PL PAFRE o:
(Singbheaenc-Veymkechani calswi nthe rPfAdc e
swiggumbi |l i calsacd nregdmoasti

-Vewyelf ectnrtiecrafhaicieh umbi | drsc
and separads on switch

smal | Sa1-Measure paumbpbwenrnls conn
: ( Mul t i L .
FiCh e c k -Measboredi ng
Fi-thecaclkn be cawsi end aacuttu .
Mi cro Satequi vallieqitt)ybandE,ourp pietr aar
( Mul t i Las par-thetkfof PAF.
-Cust omeacloln ffidatme a B i amgrCth e ¢
CubeSat
) Case
(Mul t i L . : .
* Det ai-Qhse cokf afagsheo wn i n -IAg
PL
|l heedsedpar atsiwoin htePsdF avai
Separat (Bgle Lai ,
an option. For, momogpoiw®mbgr
Test Smal | Sat _
) Director
(Mul t i L a
El ectrdf PL
Umbilic (Bgle Lai o
and End to BndfTebnbirdend abep:

Smal | Salt Conneatper f odwmeidagnRrhepar

Separ at )
( Mul aunch

Connect
To be arranged for each

EMC Tesi AI'l PL _
I f neededgoucoragtram Dir
RFLinkagAII 50 To be arranged for each
Test I f needegoucowragtr am Dir
Accessi To be arranged for each
Al I PL

Test I f neededgoucoragtr.am Dir



635 Posklight Analysis

Qui-caaata for or bit paramet pr sv iadidsd loimetr dde
mi nute®lLabepnr Mi iEsm lonm Rteipabmats edact ikl ght i dastue dar ¢
to Customer afnttémel manth.
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64. Launch Campaign
641. Launch Campaign Organizati on

A designated Prsoegrrvaens Dasr ea tCluisaiosnem wihtrloughout
Campaign Pnlkeadudc hganActLiawinicthes -F) gure 1
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642. PL Praeunch Activities

PL Rraaunch Azt i WSCiarse di vi deals ifndalol avwsr ee phase:

(1Phas.e Bdt amB@heckout
-St avad oamet | wiPtLi e s

(2Phas.@ll2azardous Operations
-Hazardous epehtasarslonsr es s prriozgpetlilamt | oadi ng,
instaktation

(3Phas.&€o3nbi ned Owet ht LYnNnsS
-Joiompter at iPhnanlhdy LV t eelmsc tsruicchala/sr adi o per fo
eval uatiaodombsnedr ¢ aearcdhal

Typiklal Rraaunch Axndohddaemwbown in -Eigure 6. 4
The specifiarsammddlagrieed with Customer.
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6.421. PhadeL

Seamnu@®@heckout

1) PL Setup and Checkout
1)1 Setup
NPL nsi dans pcaorotnataiionrer i s

t hepr ange

si(dSee ed oFOir@gyr e 6.

arrived

4

at

M AgisRomim y hR o e

NPL is unpaédkedLock Rovend ahd Cladamre rRadamt cl eaning
NEGSE cdamshebl e@kreokit Room of M Ass@mbiry |l RaCoemtcerr . M
12FunctiTestl
n Theoll owing operations are conducted in Clean RoOO
-Vi sual |l nspection
-Check Out
N The temperature and humcontyohbhihced€tbwmron@ommt ared
recorded continuously.
N The foll owing anal yasseps icwanms :be perfor med
-Conti meawur eomemtr gani ¢ deposits in Clean Room
-Continuous monitoriiflgeadr RBaaomicle count
11m
Clean Door ohe n)’i]iri Sr;c?wer
(Up range side)
o e
=T : \Clean i~ Clean
b ; \Booth i
i Air : §FS§nt :  Booth
i Lock \ :
- ' \Roomll,_\ (CB)
ghECk_O“t Air Shower L 3
E oom o Changing e e
7 Assembly
Room
Door M Assembly Buildin
(Down range side)
Fiqgur-2 6.T4ansfer Route to Clean R




6.422. PhagelHazardous Operations

21 Preparfaci ofhreroals€an BoSceteh Fi gyre 6. 4
N P L mosnted on Transfer Cart by PL Team.
n Cart Cover is placed over PL and sealed tightly by LV Team.

Fi gur-&8 6.P4eparation for Transfer t o




22Tr afnedrol €dBoot(hSee FiH4gur e 6

NnPL fAransferCarti s r ans f edCrheecan Room t obyClleVanTeBaonot h
nCart Cover is removed by LV Team.

NLY Tedmngbese TransferprCap onfd tThe aonn e

NThe followingavegqgbuiapmeni ni €l ean Boot h.
-Scrubbers
-SCAPE Supncet ecswivteh salii t es u, p pBlrye afiusacptpiéoyn )equi p me
-ToxGacdDet ector s
NTemperature and humadmanyi tior e€€d eaafd Brocoanthm d & e fd rptgi c | e
count in Cl panvBdaentd hoapstsi o n .

<« 11m

Clean Door Ch an g'i ng
Room (Up range side)

Check—Out
Room .
A Yl
E N
i Assembly
Room
Door M _Assembly Building
(Down range side)

Fi gu#de 6ITransfer Route from Clean Room




3) Propell an@l deaom dB cngt h

371 Propell ant L oaSldtnwgp E(gbuyi pRile nTte a m)
NnFuel Eggi pmentarried in.

nFuel ing Equi pment is set up.

32 Propell aftbbyL®&diTegm)

nFueling

nTank Pressurization

NnFueling Equi pment Decontaminati on
NnFueling Equi pment is carried out.



6.423. Phase&€odnbi ned Opewiat hobV

4) Mating w{ibh PAFTeam and LV Team)
NPL s mat eAPwiPtAHFt Smech Cl ea ( PBo dcechmdswopter at n Phbkhiosi st ed
oveVN Uppert ibdMgEdaarkes on subseglent operations

5" Mating with tppkY EBézmmlkeV
NPL wit hmeéPtAdd LWiptphesSt agneuntoed Upper Stage Dol ly

6) Encapsul ati oroyi rntvo TRlakn)
NPL mat eldV wdpShearg en ciasp sedl mtRlnld wvee&ani |l ati on duPBU~ i s c

Wor k sfoiPdwencapes B8l agl e naLmalliunlcthi Launch are -5 hamwd iim F
Figur@, 6rdspectively.



PA

= i

PLF

Ik |
' Uppe | | | Ld
Stage
u 8t age Ventil a
F Stal Dglply Duct
Fiqur-® 6.Ehcapsul ation in PLF

Compression
Tool

Lighban®
Assemble Prepare Prepare mate Mate
Lighban® Lighban® Lighban® Lighban® Microsat
Upper Side  Lower Side Lightban®
CubeSat
- PAF

-

L

(

Smal
Satellit ]
Unmount _ Mate (transport cart) (transport cart)
Structure with Mate (transport cart) PAF &
Microsat E-SSOD witlCubesat Mate Stages  _ SmallSat Mate Stages
Fiqgur@e 6.Ehcapsul

ation in PLF

(Single

(Mul t i



7) Vehicle on Stand (by LV Team)

A Epsillemtéage on Transfer Trailer is mouvavderttoi dalAspEe
and pl alcaeudn comi .f ggeRadi-gure 6. 4

|
i)

I

Tkl |

-

L

RS |

Fi qur-¢ 16sS#8age on Stand

A The2ndt aSge is hoisted lsBd ag®sfidtg uorBep d6 .adt o p

Fiqur-8& 26n.84 agels8nage



















