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Evolved Expendable Launch Vehicles
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Delta IV Evolution and GTO Capability
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Delta IV RS-68 Engine

* Low-rigk simplified LO2/LH»
engine improves reliability

« Minimal parts count and low
fabrication cost

 Low to moderate chamber
pressure reduces load

* Proven technology
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Delta IV Upper Stages

4-m Configuration (Delta IV-M, Delta IV-M+ (4,2))

« Modified Delta Ill second stage
« Delta lll Pratt & Whitney RL10B-2 engine

Second Stage

5-m Configuration (Delta IV-M+ (5,2), Delta IV-M+ (5,4), Delta IV-H)
f A
= IH R » 4-m stretched LO2 tank
= ) > » 5-m LHp tank
; L:f | : | : « Delta |ll Pratt & Whitney RL10B-2 engine
&IE e Sl B
— i
= Second Stage
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Delta IV Heavy 6TO Ascent Profile
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Stage I/l 7 - it
Separation - - ‘C,/' ‘ SECO-1 Restart-1 SECO-2
(332 sec) | 167 km by 196 km (3872 sec) 185 km by 35 786 km
PLF Separation (873 sec) at 27 deg
(358 sec) (4431 sec)
Time Altitude Acceleration
/ (sec) (km) (a) Event
/-3 0 0 1.21 Liftoff
/4 50 3.5 1.47 Start core throttle-down
/ Strap-on 56 4.5 1.28 Core throttle at 60%
Booster 86 111 1.44 Mach number = 1.0
= Separation 85 113 1.44 Maximum dynamic pressure
/ (251 sec) 238 69 4.20 Start strap-ons throttie-cown
244 72 3.01 Strap-ons throttle at 60%
249 74 3.13 Two strap-ons cutoff
249 74 1.04 Start core throttle-up
251 75 1.79 Jettison two strap-ons
| 254 T 2.50 Core throttle at 100%
f 327 116 4.40 Main-engine cutoff (MECO)
l a3z 119 0.00 Stage 1/l separation
| 349 129 0.23 Stage |l ignition
358 134 0.25 Jettisen fairing
;? 873 198 0.35 Second-stage engine cutoff 1 (SECO-1)
3872 152 0.35 Stage Il ignition 2
] Liftoff, CBC Main 4431 1 0.61 Second-stage engine cutoif 2 (SECO-2)
Al la Engine and _Two
1 Booster Engines
Ignited (0 sec)
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Atlas V 551 GTO Ascent Profile
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Atlas V 552 LEO Ascent Profile
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Shuttle Mission Profile
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Delta IV Heavy Payload to LEO Circular
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Delta IV Heavy Coordinate System

Note: Arrow shows direction
of positive vehicle rotation

¢

Pitch
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Orbiter Coordinate System
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Delta Standard Payload Attach Fittings

Delta IV 1666 45 1668 - --1666 ... | 1666
1666-4 T ea T (66) °* Y6665 o % |1 %
PAF - clampband PAF e clampband
Delta IV 1194 .. 1194 )
1158 yia 1198 4iag Delta IV 1194
1194-4 ‘H’ @n @n° 1194-5 (a7) 9
PAF -\ clampband PAF clampband
Delta IV 937 937
937-4 =@ g @n 4 Delta IV 937_jia
PAF clampband 937-5 (37)
PAF clampband
Delta IV 1664 Four Delta IV Four
1664-4 ’ ‘ (65.5) dia separation 1664-5 separation bolts
PAF bolts in a PAF 1664 40
1664 iq (65.5)
(65.5) bolt circle
bolt circle
Delta IV o 1575 o 121 bolts in a Delta IV -~ 4 gia | |72boltsina
1575-4 | (62) | 1575 y4ia g 4394 4
PAF e (62) (17:?)
bolt circle bolt circle
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Marmon Band/Separation Springs
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(65.594) | 0
Spacecraft N —i
(|
/7 - : S/C Spring
Actuator I /1) | Seat
S 79 L-J1- f..;..;_—\—‘xr Interface
(0.31) ' '{h\*% Separation
l:l' | 4 Plane
Separation j Y i | r ‘ \
Spring | : : I\
Assembly | 1 | 1| \
‘|"| : : | ! : “ﬁﬁ‘\
" J r1| 1 .\ '.'t
A’ | | .\__ = \|". \
==t | A\
i A\
i o\ \
" Il \ \-:\
07 T I W\
o8 " Il \ \
-~ | S
516000 "~ o
(2 99)
@ UNIVERSITY OF Payload Accommodations
Launch and Entry Vehicle Design
MARYLAND » y g



Marmon Band/Separation Springs

5 1215 o
(47.84) ..

935.71)

Separation Plane /

Separation Spring ——»

@ UNIVERSITY OF Payload Accommodations
»

MARYL AND . Launch and Entry Vehicle Design



Delta 1575-4 Bolted Payload Interface
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Delta 4394-5 Bolted Interface
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Atlas V Bolted 173 inch PAF
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Atlas V 400 Allowable CG Locations

—&— Atlas V 400, Equipment Mcdula/Type B1 Capability (1.5 g Lateral, 3.5 g Compression)
—4&— Atlas V 400, Equipment Modula'Type D Capabilty (1.59, 3.509)
—&— Atlas V 400, System Requirements SISV5.0(1.5¢g,3.50q)
—¥— Atlas V 400, Equipment Mcdule Capability (1.5 g, 3.5 q)
10000
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‘_81 7
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2 eoo0 L
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4000 |
2000 |
0 ‘ : ' A0 —
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Delta Payload Fairings

11,751
(462.8)
[} * 4-m (160.3-in.)-dia composite
4070 fairing with extended cylindrical
(160.3)  section
dia + Graphite-epoxy/foam core

1 composite sandwich structure
11.7-m (38.5-ft)-Long Fairing 6931
Deita IV-M and Delta IV-M+ (4,2) - 272.9) —-{-— Payload Encapsulation Plane
L 14,338 _|
(564.5)

*5.13-m (202-in.)-dia
composite fairing

+ Graphite-epoxy/foam core
composite sandwich structure

14.3-m (47-ft )-Long Fairing 8315
Delta IV-M+ (5,2) and Delta IV-M+ (5,4) — @27.4) 7-|<— Payload Encapsulation Plane
| 19,088 |
(751.9) |
51131 +5.13-m (202-in.)-dia
(m) composite fairing
dla- « Graphite-epoxy/foam core
‘ composite sandwich structure
18.1-m (62.7-ft)-Long Fairin
D?na lv(.ﬁi k) 13075 { Payload Encapsulation Plane

t .513m(202:n)dia
5131 composite fairing and
+(202.0)  composite dual-payload canister
dia + Graphite-epoxy/foam core
composite sandwich structure

18.1-m (62.7-ft)-Long Fairing ‘ (268.6)
and Dual-Payload Canister 13075 TSR TRl
Delta IV-H Dual Manifest | (514.8)
L 19,814 i
(780.1)
f * 5-m (200-in.)-dia modified
5080 Titan IV fairing built by Boeing
4 (200.0) - Aluminum isogrid structure
dia
18.8-m (65-ft)-Long Fairing 6053 6096 7665 ‘
Delta IV-H (Government (o 238.3) ‘ (240.0) (301.8) ! Payload Encapsulation Plane
Baseline) Nose Cylinder Base
22,409 |
(882.2) I
t - 5.13-m (202-in.)-dia
5131 composite fairing and
- ——— - ——+(202.0)  composite dual-payload canister
dia - Graphite-epoxy/foam core
composite sandwich structure
8071
22.4-m (73.5-ft)-Long Fairing I
and Dual-Payload Canister 16386 (317.8) ~— Payload Encapsulation Plane
Delta IV-H Dual Manifest (645.1)
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Delta Metallic Fairing Temperatures

OC OF
MCC1 Insulation on Nose Cone 176.7 350
25-deg Cone and :
- —
Lrtar Nose Cap Interior, PLF Jettison
Bare Aluminum, 148.9 300 ‘
e=03 25-deg Cone, e = 0.3
15*{29 Acoustic Blanket . C:g .03 N
76.2-mm (3.0-0) 151 4 osg . P =09 /
Thick, e =0.9 ‘ | )(\
c Aft Cylinder Separation Rail,
.g Width=127cm (5in.), e = 0.1
5 93.3 200 ' | | |
E 25-deg Cone Separation Rail, e =0.1
= |
15-deg Cone, Forward Cylinder \
65.6 150 Separation Rail, e = 0.1 -
s ="
37.8 100 S femmof
T | M - - -----a====-+:=:::::::-+—-- - -
15-deg Cone Inside Acoustic Blanket, e = 0.9
o | Cylinder Inside Acoustic Blanket, e = 0.9
' 0 50 100 150 200 250 300 350 400
Time from Lift-off (sec)
NS
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Delta Composite Fairing Temperatures

Sparesy! Insulation
on Nose Cone

AR

Acoustic
Blanket
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ulmm'~ 'g Thickness

76.2 mm
(3.0in.)

°C
§2.2

711

60.0

Temperature
NN
[+
©

37.8

26.7

15.6

r
180 ‘ l | |
. PLF Jettison —»
Nose Cap Separation Rail,
60 Wldth_127cm(5m)e_01 A
Nose Separatuon Rail, N \/
Wudth_127cm (5in.), e 0.1
Cyhnder Separatnon Ranl
140 Wldth-127cm(5|n) e=0.1
Nose Cap No Blanket \
Dia=46in.,e=0. 9
120
100 /
.\_..—4‘
Nose Inside Acoustic Blanket, e =0.9 \
d J
L -
Cyhnder In5|de Acoustuc Blanket e= 0 /
60
0 50 100 1 50 200 250 300 350 400 450

UNIVERSITY OF
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Delta IV Heavy Payload Venting

110.3 186
965 14 e S
) w— Maximum
=== Minimum
82.7 12

Compartment Pressure
w
o
n
@

v
o
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.
.
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~
v
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~
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414 6 W
276 4 \\
138 2 *s ,.\;
........ \\
) A S I S N Nl LT
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c a Time (sec)
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Delta IV Heavy Acoustic Environment

N M._ofo- '0\ ] dB ref :2 X 10E-5 Nim?
130 [~ ‘0\

\(\OA\SPL = 1427 ¢B
125 ' \

120 \
115 \\

™~
~

1/3 Octave-Band Sound Pressure Level (dB)

AN

105 \)
100
31.5 50 80 125 200 315 500 800 1250 2000 3150 5000 8000
Frequency (Hz)
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Delta IV Heavy Dynamic Loads Envelope

: T
SC Weight = 4535 kg Compression |
(10,000 Ib)
6| (1.5, 6.0)
4
— (2.5, 3.0)
g 2
-
0
(2.5, 0.0)
-2 (1.5, -2.0)
Tension
y 1 | | ! |
-4 -3 -2 -1 0 1 2 3 4
Lateral (g)
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Orbiter Payload Bay Envelope

MID-FUSELAGE VIEW LOOKING AFT

Y, 90 Y0 Y 4-90
MAXIMUM
PAYLOAD
ENVELOPE |
} /ﬁ— Z,490
\ N
X,582  BOFT 4 Z,400 7 90 IN. \
S ol | (229 cm)
SN\ | S CENTERLINE —_—— 2,400
= \\\\\ OF PAYLOAD
i) .
6 m)=r (|3 LONGERON
I i
it
| .
b -— Z,310°
— —
, KEEL
N PAYLOAD BAY ENVELOPE
0 0 15 FT (4.6 m) DIAMETER, NOTE:
BY 60 FT (18.3 m) LENGTH CENTER OF 90 IN. ENVELOPE @ Z,400
LONGERON ATTACH @ Z,414
app4ag?
N\
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Orbiter Longeron Bridge Fittings

X,612.73 X,1281.40

~—— 124 ATTACH POINTS BETWEEN —»
THESE LOCATIONS AT 3.933
IN. (NOMINAL) SPACING

FUSELAGE FRAME
STATIONS =

1040 1140.67 1249

919

979.5 [1090.33| 1191

Xo ] ) |
J 1 T
LONGERON KEEL 1179
SiLL
PAYLOAD LONGERON

TRUNNION

3.933 IN. SPACING FOR

RETENTION PIN SLOTS FUSELAGE

FRAME

|/ <+——FUSELAGE
FRAME

@ UNIVERSITY OF Payload Accommodations
»

MARYLAND . Launch and Entry Vehicle Design



Orbiter Five-Point Attach System

PRIMARY FITTINGS;
REACT LONGITUDINAL AND
VERTICAL LOADS (F, & F,)

5-POINT ATTACH

- e X .’ .'l;' » \
\
Z | A
Y\b'x [ -
o KEEL FITTING:
REACTS SIDE LOAD (F,)

STABILIZING FITTINGS;
REACT VERTICAL LOAD (Fz)

@ UNIVERSITY OF Payload Accommodations
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Orbiter Three-Point Attach System

PRIMARY FITTINGS;
REACT LONGITUDINAL AND
VERTICAL LOADS (F, & F,)

3-POINT ATTACH

Y\I/,x

KEEL FITTING:
REACTS SIDE AND LONGITUDINAL
LOADS (F &F,)

@ UNIVERSITY OF Payload Accommodations
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Orbiter Payload Attach Fittings

LONGERON FITTINGS
REACTS TO * X (LONGITUDINAL) AND £ Z (VERTICAL) LOADS

LONGERON
124 ATTACH POINTS
ON EACH SIDE

KEEL
104 ATTACH
POINTS

PAYLOAD LATCH FITTING LONGERON BRIDGE
A’IT“NG (RIGHT
FATLORD 21 SIDE SHOWN)
TRUNNION

SiLL
LONGERAON

FUSELAGE
FRAME

PAYLOAD
SEGMENT

KEEL FITTING
REACTS TO * Y (SIDE) LOADS
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Shuttle Payload Bay Temperatures

TBMPERATURE( F)
300 200 <100 0 100 200 00 S

I, LAUNCH I'JE
2. ON-ORBIT
(CLOSED-DOOR) | B
COLD HOT
3. ON-ORBIT ATTITUDE ATTITUDE
(OPEN-DOOR) | 75~ =
SOLAR
ENTRAPMEN
P e’ §
4. ENTRY& .-_1_1'.--.,.
TOUCHDOWN
.

r----
C___ 1 PREDICTED TEMPERATURE

B ACTUAL TBMPERATURE

ot A d

@ UNIVERSITY OF Payload Accommodations
»

MARYLAND . Launch and Entry Vehicle Design



Orbiter ROEU

QDA ACTUATOR

PDA LATCHING
HOOK (2)

ORBITER
DISCONNECT
MECHANISM (ODM)

ARM-DRIVE
ACTUATOR

A
ABITER

DISCONNECT
ASSY (ODA)

.. CONNECTOR

/& ‘fw:!'-l // SOINMENT

<2~ . GUIDES (4)

ORBITER TO ROEU PAYLOAD
SERVICES INTERFACE
PANEL (1/4 SMCH)

ROEU CONTROL SYSTEM

=
INTERFACE PANEL il I Al
A [ A o E
\—' A7 ./,?[. fo= ] l | “/k\
X \ P ] ; " /:7\‘ !
v -t J \ S
> ¥ '4!“’ \ ,,‘ u‘:"',//
r | A L /
NG || [ ‘ i @)/,
| 7~

ARM DRIVE
MECHANISM

7 Z
; ' nf/ - LONGERON BRIDGE
s 1
A SMCH PANEL
Lo f | (CABLE SUPPORT ONLY)
o N
i v

’ STANDARD MIXED
LA CARGO HARNESS
P ,,'l:b ) (SMCH) CABLES

PAYLOAD DISCONNECT
ASSY (PDA)
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Payload Qualification Testing

» Structural load testing (flight x 1.25)
» Acoustic load testing (flight + 3 dB)

» Sinusoidal vibration testing (flight + 3 dB at 2
octaves/min sweep rate)

» Shock testing (actuation of pyrotechnics)

@3/ UNIVER S Payload Accommodations
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Delta IV Heavy Launch Processing Flow

Work Days
| 24]-23)-22} 21| 201-19)-18[-17116]-15} 14113]-12}11]10] 0 | 8 | -7 6| 5[4 | 3| 2[4 o[ 1| 2|3 |45 |6 | 7| 8| 9 [10/11]12]13]14

Encapsulation
5 Days per Week/ N Fairing Preparations for Transport to PPF
1 Shift per Day L_N_N Transport to PPF and Move to Encapsulation Bay
I PPF Fairing Encapsulation Cradle Installation
N Payload Attach Fitting (PAF) Processing
IL_N Spacecraft Weighing and Mating to PAF
4% Spacecraft Required Day
N Spacecraft to PAF Interface Verification Test
I spacecrait Encapsulation (5-m Fairing)
N Spacecraft Interface Verification Test
N Preparations to Transport Encapsulated Payload to Pad

e | HIF
I LMU Installation in HIF 5 Days per Week/
L ¥ Mate CBCs to LMU 1 Shift per Day

I_Ninstall BSMs in CBCSs
| Mate CBCs to LMU
BB Thrust Fitting and Strut Installation
N CBCICBCS Cracle Removal
I_N CBC/Second-Stage Mate
I Battery Installatons
| Command Receiver Decoder Installation
N Electrical Preparations/Ground Test Set Connections
I _Jintegrated Vehicle Checkout
| Post-Integrated Vehicle Checkout Test Securing

IL_N Ordnance Installation PAD
ll Venicle Closeout and Move Preparations 5 Days per Week/
2 Shifts per Day
Launch Pad Quals and Config Il LE Final Ordnance Installation and Connections
Mave Vehicle to Pad and Erect ll M ACS Vehicle Prop Loading, Prop and Pneumatic Watch
Mate Launch Tables Umbilical and Leak Test LIl LI Prop System Loading, Range Safety Test, and
Mate MST Umbilicals, Leak Check, and Purge LIl Final Ordnance Pins Removal
Vehicle Interface Verification LIl B Final Preparations Launch and Terminal Countdown
Transport Encapsulated Payload to Padll 4 Launch
Encapsulated Payload Erection and Mating Il 0 Postlaunch Securing
Flight Program Verification and CRD Code Loading LIl | Blast Deflector Remova
Blast Deflector Installation | W LMU Retrieva

I Postiaunch Inspection and Refurbisnment
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Delta IV Horizontal Integration Facility
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Integration Documentation (part 1)

1. Spacecraft Questionnaire S |L91 |a
2. Fairing Requirements S |L91 |A - :
3. SC Drawings S |L91|A g - gggggzraft
4. SC Mass Properties Statement S | L9 |a d = Days
5. SC Environmental Test Document (Test Plan) S | LS |A
6. MSPSP Inputs S |L91 |Aa
7. Preliminary Mission Analysis (PMA) Rgmts S |L91 |a
8. Program Requirements Document - SC Inputs S |L91 |a
9. Mission Operations and Support Reguirements | S | L-81 |A
10. P/L Processing Requirements Document Inputs | S | L-81 |A
11. SC Mathematical Mocel S | L85 A
12. Separation Analysis B | L-81 o
13. Mission Specification (Initial) B | L-78 4
14. Program Requirements Document (PRD) B | L74 A
15. SC Launch Site Operations Plan (Initial) S |L-72 kS
18. Plume/Contamination Analysis Report B | L-70 ES
17. Payload Compatibility Drawing (Initial) B | L-68 t
18. SC-to-Control Center Wiring Diagram (Initial) B | L-68
19. Coupled Dynamic Loads Analysis (FDLC) B | L-66 A
20. Radio Frequency Applications Inputs S | L65
21. Mission Specification Review (Initial) S | L64 }
22. SC Compatibility Drawing Comments (Initial) S | L64
23. Radio Frequency Applications (RFA) B | L-52 I
24.DOT License Information S | L-52
25. SC-to0-Control Ctr Wiring Requirements (Initial) S | L-51 A
28. Preliminary Mission Analysis B | L-51 A
27. SC Ctrl Ctr Wiring Diagram Comments (Initial) S | L47 A
28. DOT License Application B | L45 A
29. SC Compatibility Drawing B | L-40
30. Mission Specification (Final) B | L339 F
31. SC Mass Properties Statement (Update) S | L3s A
NS
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Integration Documentation (part 2)

32. Real-Time Tracking Data Requirements S | L36

33. SC-to-Control Ctr Wiring Diagram Comm (Final)| B | L-36

34. Mission Specification Review (Review) S | L-36

35. SC Clearance Drawing S | L-36

36. SC-to-Control Center Wiring Diagram (Final) B | L35

37. Launch Vehicle Insignia S | L35

38. Final Mission Analysis (FMA) Reguirements S | L35

39. Launch Window (Initial) S | L35

40. Spacecraft Thermal Model S | L29 1

41. Coupled Dynamic Loads Analysis (LVC) B | L28

42.Delta IV/SC Combined Ops Regmts Doc (OR) B | L26 &

43. SC Integrated Test Procedure S |L-26 A

44, SC Launch Site Procedures S | L28 A

45. Final Mission Analysis (FMA) B |L25 o

486. Tnermal Analysis Report S |L22 A
47.SC/Fairing Clearance Analysis (Initial) B | L-16 A

48. MSPSP (Final) B | L10 &
49. Launch Window (Final) S | L-08 I
50. SC Mass Properties Statement (Final) S | L-08

51. Launch Site Procedures B | L-06 s
52. SC Launch Site Operations Plan (Final) S | L06 A
53. Launch Ogperations Plan (LOP) B | L-05

54. Best-Estimate Trajectory B | L04

55. Vehicle Information Memorandum (VIM) Data B | L04

56. SC/Fairing Clearance Analysis B | L03

57. RF Compatibility Analysis Report B | L0O1 Al
58. Vehicle Information Memorandum (VIM) B | L4d

59. Launch Readiness Review Data Package B | L1d

60. Launch B L-0

61. Post-Launch Report S |L+2hr

62. Post-Launch Orbit Confirmation Data B |L+7d
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Spacecraft Contractor Data Requirements

Spacecraft Questionnaire 2 L-91
Fairing RHequirements 8 L-91
SC Drawings 18 L-91
SC Mathematical Mode! 3 L-91
Preliminary Mission Analysis (PMA) Inputs 11 L-91
Missile System Prelaunch Safety Package SC Inputs 3 L-91
SC Mass Properties Statement (Initial/Update) 22 L-91/L-36
SC Environmental Test Documents < L-85
Mission Specification Comments < L-64
SC Compatibility Drawing Comments 18 L-64
SC-10-LCC Wiring Diagram Review 28 L-64
Mission Operational and Support Requirements 12, 13 L-52
Payload Processing Requirements Document 14 L-52
FAA License Information 2 L-52
Radio Frequency Applications Inpuls 10 L-52
Electrical Wiring Requirements 7 L-51
Launch Vehicle Insignia 15 L-35
Final Mission Analysis (FMA) Inputs 17 L-35
SC Integrated Test Procedure 21 L-26
SC Launch-Site Procedures 20 L-26
Launch Window (Initial/Final) 16 L-08
Postlaunch Orbit Confirmation Data 27 L+2 hr
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EELV Secondary Payload Adapter (ESPA)

Prnimary Payload / Satellite

/ ESPA structur
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ESPA Mass/CG Limitations
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ESPA Mechanical Interface
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ESPA Surface Temperature Profiles

Maximum Temperatures Seen By Space Vehicle
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ESPA Shock Environment
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Final Thoughts about Payloads

* Payload development details are specific to the
launch vehicle

* Integration processes are unique to the
individual launch site

» Every launch is a custom operation

* Payload documentation for launch is comparable
to complexity of payload itself

» But there's nothing like seeing your payload
heading to orbitlll

@3/ UNIVER S Payload Accommodations
)Y

) M ARYL AND Launch and Entry Vehicle Design

44



