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A3-262-AMOO-MT5-509
Date: FEB 201976

MEMORANDUM
Subject: POSTFLIGHT ANALYSES FOR DELTA PROGRAM MISSION NO. 113 -
COS-B MISSION - CONTRACT NAST-832%
To: E. W. Bonnett, A3-900
Copies to: C. H. Baumann, F. M. Keller, D. W. Knebel, J. R. Reider,
J. C. S8immons, D. W. Tutwiler, T. B. VanShoubrouek, A3-200;
F. J. Maguire, A3-G83; T. B. Rehder, J. L. Schmidt, A31-822;
M. D. Steffey, A41-T70; D. R. Cummings, AM1-T92; D. A. Maclean,
Al1-822; File
From: C. A. Ordahl, A3-262

1. This memorandum has been prepared in accordance with COM 15 of the
subject contract.

2. On 8 August 1975, the COS-B spacecraft was launched successfully from the
Western Test Range (Delta Program Mission MNo. 113). The launch vehicle was a
three-stage Extended Long Tank Delta DSV-3P-11B vehicle, Serial No. 20018.

3. Postflight analyses performed in connection with Delta Program Mission
Ho. 113 (COS~B Mission) are presented in the attachments to this memorandum
(Attachments 1 through 10). These attachments consist of the following:

Attachment

Number : Title Pages

1 Section 1., System Performance - COS-B Mission 1-1 through 1-26
2 Section 2. Propulsion Systems - C0S-B Mission 2-1 through 2-28
3 Section 3. Guidance System - COS-B Mission 3-1 through 3-15
b Section 4, Flight Control System - COS~-B Mission 4-1 through 4-29
5 Seetion 5. Electronics System ~ C0S-B Mission 5-1 through 5-11
6 Section 6. Mechanical Systems - COS-B Mission 6-1 through 6-10

0. 3360~-111h; EWO 541T3; COM 15
TRACTUAL DOCUMENT



E. W. Bonnett, A3-900 -2~ A3-262-AMO0-MT5-509

Attachment
Number Title Pages
T Section T. Structural Systems - COS-B Mission T-1 through T7-6
8 Section 8. Reliability 8-1 through 8-2
9 Definitions of Performsnce Parameters [Tables 9-1 through 9-2
2-3 and 2-4 of Attachment 2 (Section 2)]
10 Vehicle Performance Telemetry Plots - COS-B Mission 10-1 through 10-T3

C. A. Ordahl

Chief Engineer
Delta Programs
Engineering Division
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ATPACEMENT 1:
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Attachment 1 to:
© A3-262-AMO0O-MT75-509

MISSION ANALYSIS - COS-B MISSIQN

INTRODUCTIOH AND SUMMARY

Delta Mission Humber 113, COS~-B, was lawmched from Pad SLC-2W of the Westemrn
Test Range (WTR) at a flight azimuth of 196 degrees from true north st 0147:59.595
Greenwhich Mean Time (GMT) on August 8, 1975.

This section provides a discussion of the mission analysis aspects of the COS-B
spacecraft launch and a description of the trajectory flowm by the Delta wvehicle
from liftoff to third-stage burnout; data perteining to the experimental second
stage restart are included. This section also presents a comparison between (1)
the actual trajectory flown by the vehicle, (2) the guided naminal trejectory
(Reference 1), and (3) the latest predicted or Best Estimate Trajectory with
launch~day winds and atmosphere {BET-with-windsj. The actual trajectory flown
by the first and second stege is based on Federal Electric Corporation (FEC)
radar tracking data and NASA-provided hardpoint position and weleceity vectors
(Reference (2). PCM telemetry datm was utilized to support the determination of
trajectory data at the time points specified in the subsections to follow. The
foliowing teble compares the achieved orbit at spacecraft injection (TECO) to-
the nominal orbit given in the Orbit Accuracy Incentive TWX (Reference 3).
Incentive flight requirements mey be seen {o have been met; that is, all fall
within allowable tolersances.

Achieved .
Nominal Minus Incentive
Parameter {Reference 3) Achieved Nominal Tolerance
Apogee Altitude {n.mi.)* . 1h3 -
(Integrated) 53,992 Sh,h33 +hh2 +2115
Perigee Altitude (n.mi.)* 188.19 187.17 -1.02 -10.0
Inclination {deg) 90,000 90.155 +0.155 +0.82

Teble 1 summarizes the orbit parasmeters of a1l Delta missions to date and,
where applicable, includes the corresponding three-sigma deviations. Table 2
presents the guided nominal, BEPT-with-winds, and actual sequence of events for
the COS-B mission. .

VEHICLE DESCRIFTION

The launch vehicle used for the CCS-B mission consists of a DSV-3P-1A Extended
Long Tenk Booster No. 602 (Serial No. 20020) povwered by a Rocketdyne RS-27
liquid propellant engine and nine strap-on Thickol TX-354-5 (Castor II)} solid
propellant rockets with low-drag nose canes. The second stage is a DSV-3P-LB
(Serial No. 20023) having a TRV engine {light guartz nozzle with Expansion Ratio
= 43:1) with restart capsbility and a DSV-3P-7A feiring (Serial No. 20023).

The third stage consists of a TE-364-3 engine (Serial No. 00025).

* Based on an earth radius of 34k2.62 nomd .
. - 11



METEOROLOGI CAL COQNDITIONS

Figures 1, 2, end 3 present the launch dgy temperature, pressure, and wind
speed and direction from ground level to 100,000 feet measured at WIR at the
time of launch. Figure 1 shows the atmospheric temperature was hotter then
the reference itemperature until approximately 42,000 feet, colder between
12,000 feet and 70,000 feet and hotter sbove 70,000 feet. The atmospheric
pressure {Figure 2) is generally higher than the reference atmosphere.

Figure 3 indicates that the wind speed wgs significantly lower than the 990
vercent IRIG wind reference until approximately 65,000 feet and increasingly
higher gbove 65,000 feet. The maximum wind speed was U9 knots at 100,000 feet.
The wind direction changed from a north-westerly direction to an easterly direc-
tion with incremsing altitude.

PERFORMANCE ANALYSIS

First and second stage performance up to second stage cutoff (SECO) is based

on the radar tracking data and NASA SECO hardpoint. FPCM telemetry data was
utilized to determine the wvehicle velocity at second stage burnout. Reconstrue-
tion of the third stage is based on the SECO I PCM data and NASA hardpoint data
at third stage bumout.

FIRST STAGE PERFORMANCE

An analysis of pertinent data indicates that the first-stage flight was near
nominal with respect to the vehicle's instentaneous impact point (IIP) and
present position traces, which remained well within the three-sigma boundaries.
Table 3 presents comparison of the guided nominal, BET-with-winds; and actusl
trajectory at significant times. The actual inertiel wvelocity at MECO may be
seen to be 2.1 ft/sec higher than the guided nominal and 59 ft/sec lower then
the BET-with-winds,

SECOND STAGE PERFORMANCE

Table Lk presents trajectory comparisons of seccnd stage performance parameters
at significant event times during the first burn period of the second stage.
Actupl SECO I was determined from PCM telemetry data.

Figure 4 compares the tag second stage thrust history with the actual reconstruec-
ted thrust based on DIGS acceleration data, flowmeter weight-flow data (Reference
4), weights (Reference 5), and actual event times (Reference 6). The reconstructed
thrust curve is higher than the tag an average of 48 pounds over the first burn.
The higher than tag thrust level resulted in a 1.5 second shorter burn while the
low (=71 ft/sec) velocity at ignition results in a 1.4 second longer burn, thus

the first burn of the second stage was within 0.1 seconds of nominsl. .
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THIRD STAGE PERFORMANCE

PCM position and velocity vectors at SECO were used in the following manner

to reconstruct third stage performance. An MDAC-W predicted orbit was generated
utilizing a PCM position and velocity vector at second stage burnout, vehicle
attitude as defined in the BET-with-winds, actual third stage ignition time,

and the latest predicted third stage performance and bturn time. A reconstructed
orbit was then generated using the same initial PCl position and velocity vectors
and coast time as those for the predicted orbit in order to determine the third
stage performance parameters required to match the NASA orbit parameters at a
time after third stage burnout. The following table presents a summary of third
stage predicted and reconstructed performance.

' Predicted Reconstructed
Parameter Unit Yalue Value
Effective Specific Impulse sec 287.93 +1.10 30 288. 39
Total Impulse 1b-sec 417678.9 418338.82
Impulsive Velocity ft/sec  9k97.10 $312.09

Vehiele Attitude Error; .
Pitch Component, deg 0 + 3.90 30 0.699
Nose-Up Positive .

Vehicle Attitude Error;
Yaw Component, Nose deg 0+ 3.90 30 0.649
Right Positive

Teble 5 presents comparison of the MDAC-W predicted, BET~with-winds, and
reconstructed third-stage trajectory parameters at third stage ignition and
burncut,

POSTFLIGHT STATISTICS

Statistical information for pertinent performance and trajectory parameters
are presented in Tables 6 and 7. Table 6 provides data as compared to
nominal predictions, while Table 7 compares to tag (BET) predictions.
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Table 2

SEQUENHCE OF LVLITI3 -~ COG-B MISSIOH

Time From Liftoff (sec)

Event : - ‘ Guided  BET-With-Winds  Actual
: Nominal Value Value
Value

FIFST STAGE ' B

1. Solig-Motor Ignition Arm -0.90. - .+ -1.1h
2. Solid-Motor Ignition Command . -0.20 —— -0.38
3. Telemetry Liftoff . — —— -0.18
L, Solid-Motor Burnout {6) - 38.62 38.61 38,47
5. Solia-tlotor Ianition (3) ‘ 39.00 39.08 38.58
6. Solid Motor Buwrnout (3) v 77.81 77.81 77.61
7. Solid-Motor Separation (9) 87.00 87.00 87.34
8. MECO Enable 230.9k2 223.653 222.32
9. Sensed MECO (0.5g) R 230,322 231.033  227.281
10. Vernier-Engine Cutoff (VECO) . 236,322 237.033 233.800
11. First-Stage/Second-Stage -
Separation Command ) ‘ 238,322 239.033 . 235.880

SECOND STAGE - FIRST BURH

13. Seccnd-Stage Ipnition Command No. 1 2h3, 322 24k, p73 240.81

14, Second-Stage Engine Start No. 1 )
- (Steady State) 243.662 2k 373 2k1.18
15. Fairing Sepesration (Actual) 273.332 274,033 270.35
16. Second-Stage Engine Cutoff Command :

(SECOM) No. 1 (DIGS Velocity Cutoff) 530.121 533.919 530.563
17. ©GSensed Secornd-Stage Engine Cuteff

(SECO) He. 1 (.5g) 530.832 534,662 530.873

1-9.



Table 2 (Continuved)

SEQUENCE OF EVERTS - COS-B MISSICN

Time From Liftoff (Sec)

Event Guided BET-With-Winds Actual
Hominal Value Value
Value
THIRD STAGE

18. Fire Spin Rockets, Start Third-
Stage Ignition Time Delsy, and

Start Third-Stage Timer 30_26 621 3027.439 3025.30
19. Second~-Stage/Third-Stage Separation -

Second-Stage Retro Initiation 3028.621 3029.439 3027.32
20. Third-Stage Ignition 3070.121 3070.939 3071.2
Zl., Third-Stage Bumout 311h4.921 3115.739 3115.7

22, Spacecraft Separation 3187.00 3187.439 3185.32

1-10
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SUMMARY OF FIRST STAGE PERFORMANCE PARAMETERS
(cos-B MISSION)

. Guided
Iten Unit "Hominal BET-With-Winds Aetual
. : Value Value Value
LIFTOFF WEIGHT (IB) 291,785.71 291,288.85 291,290.0
30LID MOFOR BURNOUT (6)
Time (Average} : sec 38.62 38.61 38.9T7
Inertial Velocity ft/sec  1660.03 1677.0 1668.89
Velocity (Relative to
Launch Point) ft/see  1,259.8 1,274.5 1,26k4.1
Inertial Flight Path
Elevation Angle deg L2.67 42,99 %3.05
Flight Path Elevation '
Angle¥ deg 63.12 63.62 64.15
Inertial Flight Path
Azimuth Angle deg 116.37 116.17 1i5.51
Flignt Path Azimuth
Angle ¥ . deg 196,61 195.93 196.42
Range tt 6530.9 660k, 3 6680.2
Altitude -t 19,624, 4 19,759.2 20,533.4
SOLID MOIOR BURHOUT (3)
Time {Average) sec 77.81 717.81 77.61
Inertisl Velocity ft/sec 2,657.7 2,643.5 2,679.0
Velocity (Relative to
Launch Point} ft/sec 2,640.4 2,628.5 2,66L.3
Inertial Flight Path
Elevation Angle deg 37.34 37.47 38.27
Flight Path Elevation
Angle* - deg 37.46 37.55 38.35
Inertial Flight Path .
Azimuth Angle deg 161.60 161.60 161,66
Flight Path Azimuth
Angle® . deg 196.48 196.71 156.67
Range 't 52,668 52,499 51,723
71,030 71,649 72,573

Altitude it

* Angle is with respect to the relative velocity vector.

EERT|



Table 3 {Continued)

SUMMARY OF FIRST STAGE PERFORMANCE PARAMETERS
(Cc0S~B MISSIOH)

Guided ;
Item Unit Honminal BET With Winds Actual
. Yalue Value . Value
OLID-MOTOR SEPARATION (8)
Time {Average) sec 87.00 87.00 87.3h
Inertial Velocity ft/sec 2893.1 2833.1 2891.0
Velocity (Relative to ' :
Launch Point) ft/sec 2878.3 - 286L.8 2926 .k
Inertial Flight Path
Elevation Angle deg 33.11 33.19 33.685
Flight Path Elevation . :
Angle® deg 32,61 ?.60 . 33.22
Inertial Flight Path
Azimuth Angle deg 166.10 166.33 166.75
Flight Path Azimuth
Angle® . deg 196.50 196.93 196.93
Ran ge . n.mi, 12.06 12.00 12.12 |
Altitude : n.mi. 14,08 14,17 14.56
GUIDANCE INITTATION

Time ' sec 1125.0 125.0 - 125.0
Inertial Velocity ft/sec Lh86.2 Wes. T © ° ks528.9
Velocity (Relative to . :
Lewnch Point) ft/sec  L609.T . u59k.5 L467h.9
Inertial Flight Path , , ,
Elevation Angle deg 20.52 20.43 21.2k
Flight Path Elevation )
Angle® deg 19.77- 19.66 20.38
Inertial Flight Path
Azimuth Angle deg 177.35 177.58 178.53
Flight Path Azimuth
Angle® ' deg 194.38 194,65 195.40
Range . n.mi. 23.66 23.68 2. k3

Altitude n.mi.  23.66 23.68 T 2k.k3



Table 3 (Concludead)

SUMMARY OF FIRST STAGE PERFORMANCE PARAMETERS
(COS-B MISSION)

Guided
Item Unit Nominal BET-With-Winds Actusl
) : Value Yalue Value
MAIW ENGINE CUPOFF SIGHAL

Time sec 229,942 230.653 226.835
Inertial Velocity . ft/sec  "16h43.9 . 16505.0 16446.0
Velocity (Relative to .
Leunch Point) ft/sec - 16L86.L 165h47.5 16L482.6
Inertial Flight Path ) .
Elevation Angle - deg 11.31 11.30 11.18
Flight Path Elevation .
Angle ¥ deg 11.11 11.10 . 10.99
Inertial Fiight Path ’
Azimuth Angle deg 179.53 179.54 179.28
Flight Path Azimuth
Angle* deg 18k4.22 184 .21 183.96
Longitude deg 121.19 121.19 121.18
Geodetic Latitude deg 31.71 31.6% 31.78
Range ’ n.mi. 184.64 185.67 180.40
Altitude n.mi. 58.58 ~ 5B.78 57.81
IIP Time sec 659.52 663.15 652.30
IIP Range n.mi. 1297.21 1309.7T ) 1283.0
Weight 1b. 26924, 4 26833.4 26833.4
liquid Propellant Utilization % 99.81 99.81 99. 84

¥ Angle is with respect to the relative velocity vector.



Table &

SUMMARY OF SECOND STAGE PERFORMANCE PARMMETERS

(COS-B MISSION)

® Angle is with respect to the relative wvelocity vector.

. . Guided
Iten Unit Nominal BET With Winds Actual
Value Value Value
SECOND STAGE START
Time {Steady State) sec - 243,662 2k, 373 240.811
Inertial Velocity ft/sec 16426.6 16487.9 16416.5
Velocity (Relative to .
Launch Point) ft/sec 16470.0 16531.4 16460.1
Inertial Flight-Path ) ‘
Elevation Angle deg 10. 47 10. 47 10.60
Flight-Path Elevation
Angle* deg ' 10.27 10.27 10. 40
" Inertial Flight-Path
Azimuth Angle deg 179.54 179.55 179.55
~~  Flight-Path Azimuth ’ .
Angle¥ : deg 18%.26 18k4.25 184.26
Range n.mi..  220.5 221.66 216.9
Altitude n.mi, 65.5 65.72 64,9
Weight 1 1574%.6 15706.0 15708.7
NOSE FALRING JETTISON

Tima sec 273.32 274.033 270.35
Weight of Fairing Ib 1320.0 1305.0 1305.0
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Tavle 4 {Continued)
SUMMARY OF SECOND STAGE PERFORMANCE PARAMETERS
Guided
Item Unit Nominal BET With Winds Actual
: Value Value Value
SECOND STAGE FIRS'T BURNOUT B
(SLCo) 1
Time sec 530.832 - 53L.662 530.873
Inertial Velocity ft/sec 25636.8 25639.3 25636.2
Velocity (Relative to
Launch Point} ft/sec 25678.2 25680.8 25677.7
Inertial Flight Path ’
Elevation Angle deg -0.98 -0.97 -0.97
Flight Path Elevation
Angle* deg -1.07 -1,07 -1.07
Inertial Flight Path
Azimuth Angle deg 179.86 179.86 179.86
Flight Path Azimuth ]
Angle®* . deg 183.26 183.26 183.26
Range n.mi. 11L0.6 115k4.5 1152.64
Altitude n.mi. 121.k . 121.2 121.54
Weight ) - 1o 5170.0. 5194 .4 5143.62
Longitude deg 122.36 122.37 122,36
Geodetic Latitude deg 15.75 15.52 15.55
Radius of Apogee B.mi. 3678. 4 3679.0 3677.5
Radius of Perigee n.mi. 3531.4 3531.6 3531.2
Inclinaticn deg * 89.869 89. 869 89, 869
Eccentricity -— 0.020 0.020kk 0.02029

¥ Angle is with respect to the-relative velocity wvector.



Table 4 (Concluded)

SUMMARY OF SECOND STAGE PERFORMANCE PARAMETERS
(COS~-B MISSION)

Gui ded
Ttem Unit Nominal  BET-With-Winds Actual
Value Value ‘ Value
PROPULSIVE PERFORMANCE
PARAMETERS (FIRST BURN)
Burn Period (Steady State - 286,459 ' 289.5k46 289.kh2
to SECQM 1)
Thrust (Average) . b © 9,707.09 - 9,548.36 9,596.9
Sfpecific Inpulse ) |
{ Average) sec 301.77 300.63 ‘ 300,66
Total Second Stage .
Impulse . lo-see 2,780,681.9 2,764,689.6 2,777,539.2
Total Propellant
Consumed (Steady State
%o SECOMl) 1b 9,236.% _ 9,156.45 9,238.0
Propellant Consumption —
(Steady State to - . ’
SECQM, ) z 92.02 91.81 .92.37"



Table 5

SUMMARY OF THIRD STAGE PERFORMANCE PARAMETERS
{cos-B HISSION)

; Pre~ Recone
Item Unit dicted BET-With=-Winds structed
Value Value Yalue
THIRD STAGE IGHITION
Time sec® 3,068,82 3,070.9% 3,068, 8ox*=®
Inertial Velocity fps 25,159,8 25,152,8 25,159.8
Velocity (Relative to
Launch Point) fps 25,199.8 25,192,7 - 25,199.8
Inertial Flight Path .
Elevation Angle® deg 1.09 1.10° 1.09
Flight Path Elevation
Angle® deg 0.97 0.97 0.96
Inertial Flight Path. ’
Azirmth Angle deg 0.1h 0.1k 0.1}
Flight Path Azinuth i
Angle# deg 356,77 356,77 356,77
Longitude _ deg -h7.01 ~k7,01 -47,00
Geodetic Latitude _deg -23.19 -23.19 -22.91
Euler Attitude Angles#®
Pitch (ePB) deg 169.56 169.56 170.37
Yaw (wPB) deg 15.57 15.57 15.01
Roll (¢py) deg -79.09 ~78.79 -79.00
Range n.mi. 9,849,9 9,862.7 9,8k9.9
Altitude n.mi. 189.2 lQO.T 189.2
Weight 1b 2,262 2,262 2,262

®¥Anpgle is with respect to the relative veloeity vector.
*¥Euler angles © ) and are the angles specifying the orientation of
& PB' "pB’ PB
the vehicle axes (XPB’ YPB’ and ZPB) with respect to an inertial reference

platform. The order of rotation-is: Pitch, GPB about YPB

Zpp into X§B); yar, Yo, about Z,. (positive turning Xpp into YPB); and roll,

¢PB
#e¥y) 5 peconds after stage II/IIT seperation.

{positive turning

sbout {positive turning Y., into ), in degrees.,
B PR B

1.17
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Table 5 (Continued)

SUMMARY OF THIRD STAGE PERFORMANCE PARAMETERS
{COS~B MISSION)

Pre- Recon-
Ttem Unit dicted BEP-With-Winds structed-
Value Value ) Value
THIRD STAGE BURNOUT
Time~ sec 3,113.62 3,115.739 3,113.62
Inertial Velocity ft/sec 34,615.3 34,609.8 34,622,8
Velocity (Relative to
Launch Point ft/sec 3h4,648.7 3h,643.1 34,660.5
Inertial Flight Path . .
Elevation Angle deg 2,56 2.49 2.76
Flight Path Elevation -
Angle® deg 2.4k 2.37 2,64
Inertial Flight Path .
Azimuth Angle deg 360,00 360,00 359.84
Flight Path Azimuth I
Angle® -deg 357.48 357.h9 357.32
Longitude deg 46,82 46,83 ~k6,.82
Geodetic Latitude deg -19.52 ~19.79 ~19.52
Euler Attitude Angles®®
Pitch (ePB) deg 169.56 169,56 170.37
Yaw (wPB) _ deg 15.57 15.57 15.01
Ro1l (¢pn) ~ deg -78.79 ~78.79 "=79.00

®fingle iy with respect to the relative velocity vector.
¥¥*Cuyler angles GPB’ $PB’ and ¢PB are the angles specifying the orientation
of the vehicle axes (X§B, Y,ps &nd ZPB) vith respect to an inertial
reference platform. The order of rotation is pitch, GPB sbout YPB
(positive turning ZPB into XPB); yaw, wPB about ZPB (positive turning xPB

g3 and roll, 4., and X o (positive turning Y, into Zop)s in degrees.

inl rie] YP



Table S

(Concluded)

SUMMARY OF THIRD STAGE PERFORMANCE PARAMETERS:
*(COS-B MISSION)

) Pre- Recon-
Item Unit dicted "BET-With-~Winds structed
Value Value Value
Inertial Attitude Angles*
?levation Angle (G'L) deg ' 5.30 5.03 6.0h
Aziruth Angle (4)) ) deg 359.62 359,63 359.02
Roll Angle -(¢'L) degr . -82.11 -82,10 -82.16
Range n.mi. 9,681.5 9,695,k 9,681,k
Altitude n.mi. 19h.79 196.2 195.2
VWeipht 1b 811.5 811.6 811.5
Total Third Stage Impulse lb-sec  h17,678,9  417,678.9 418338.8,
Spacecraft Veight 1b 612.0 614,15 614.15
Radius of Apogee n.mi. 57,670.8 57,732.8 5é,20h.6
Redius of Perigee n,mni. 3,629, 7 3,631.% 3,628.8
Inclination Angle deg 50,000 90.000 90,155
Eecentricity — . 8816 L8816 T .8826
Argunent of Perigee deg 335.13 335.009 33h.7
*The vehicle centerline elevation angle G'L is the angle between the

vehicle centerline and the plane pervendicular to the radlus vector
fron the center of the earth to. the vehicle (positi%e for the vehiele
nose pointing awey from the earth), in degrees. Vehicle centerline
azimath angle w'L is the angle between the local meridien and the pro-
Jection of the vehicle centerline onto a plane perpendicular to the
redius vector from the center of the earth to the vehicle (positive
clockwise from true north), in degrees.- The vehicle instﬁntaneous

geocentric roll angle ¢'L is in degrees.

ORIGINAL} PAGH I
OF POOR QUALITY
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Table 6

SUMMARY OF POSTFLIGHT STATISTICS

NOMINAL PREDICTIONS
(COS-B MISSIQN)

0STER: DSV-3P~1A Extended Long Tank

SECOND STAGE: Dsy-ap-hn (Quartz)

® Based on DIGS telemetry data and predicted nominal MECO gglocity.

COS5-B No., of Mean Sigma About
Parameter Deviation from Guided Nominal Samples Deviation Mean
SOLID MOTORS (6)
Drop Time | . ' o . . "‘.0'.31‘ i pr- - =0,235 0.686
GUIDANCE INITIATION
Altitude (n.mi.) +0.77 10 0.623 0.527
Inertial Velocity (ft/sec) +92,7 10 60.7 97.7
Inertial Flight-Path Elevation ‘
Angle (deg) . +0.,72 10 0.948 '0.,360
Inertial Flight-Path Azimuth :
_Angle. (deg) +1.18 10 ~0:018 0.621
Time (sec) ‘ -3.107 10 -1.555 2.825
Altitude {(n.mi.) ~0.77 10 0.037 0.523
Inertial Velocity (ft/se¢)® 154 $10 179.2 110,7
Angle (deg) ) .
Inertlal Flight-Path Azimuth - " « 0.016 0.0
Angle (deg) 0.15 10 . .079
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TABLE 6 (Concluded)

SUMMARY OF POSTFLIGHT STATISTICS
NQMINAL PREDICITONS
€CS-B MISSION

BOOSTER: DSV-3P-1A Extended Extended Long Tank
SECOND STAGE: DSV-3P-L4B (Quartz)

. C0S-B ) No. of Mean Sigma About
Parameter Deviation from Guided Nominal Samples Deviation Mean
SECOND STAGE
First Burn Tinme (sec) ° 2.892 - 10 0.488 2.902
Propellant Consumption '
Through End of Primary
' SECO 1
Altitude (n.mi.) . +0.10 1 0.01h 0.2k2
Inertial Velocity (ft/sec) 0.6 11 . =0.493 3.6Lk4
Inertial Flight-Path Elevetion
Angle (deg) : 0.01 . 11 0.000L -0,010
‘Inertisl Flight-Path Azimuth
Angle (deg) . 0.00 11 . 0.063 0.090
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Table 7

_ SUMMARY OF POSTFLIGHT STATISTICS
TAG PREDICTIONS

COS-B MISSION
BOOSTER: ISV-3P-1A Extended Long Tank
SECOND STAGE: DSV-3P-4B (Quartz)-
COS-B No. of Mean Sigma About

Paraneter Deviation from Tag Samples Deviation Mean
BOOSTER

Burn Time {sec) ©o. =397 10 -1.736 ©1.820

MECO Inertial Velocity (ft/sec)* +92 10 . 176.9 121.2

MECO Altitude (n.mi.) " ' '«0.98 © 10 ¢ 0,021 . . 0,533
SECOND STAGE

First Burn Time (sec) -0.227 10 -4.988 | 2.867

Propellant Consumption '

Through End of Primary ' ‘ '

Mission (%PU/0PU) 0.035 | 10 0.03% . 1,066

Tailoff Impulse (Ib-sec) 147 , 10 4,778 102. 404

* Based on DIGS telemetry data and predicted nominal MECO velocity.



EXTENDED LONG TANK DELTA COS—B MISSION

WESTERN TEST RANGE ,

UPPER AIR TEMPERATURE DATA

VANDENBERG AFB

8 AUGUST 1975

034?

GMT

( 1847 PDT)

FIGURE ¢t

00

80

(o))
o

o

ey

Rt ettt

S

R i 4

5,

[

..‘_._-,.__4 pireagd 1

pratn
=Tt

P e

“"“'"""T‘ e e

e w

3 cedm e

3 2 e
TR AL I T I .

v s L
bALIS by

1962

e proginggn

—--—ja—s—

P

,_.A_TMOS
SCIVIE '?},\J}AIION

it

[ prtas Sapid

et

poidne

Pl

R o

—

- ,..—.--r-u- o
g pomdnt A wiadly .;.“.

o gaen

§: b T by
o iy ey
[ Aty wtet-biey
..[{,..... PO | et ey

B L L et S

oot

FTRE S ey agvE e v yepe g

s

:_:‘"::::‘

Sen A

1 TH fALS

:..!M
SO Gor /775

c

-
| a P 1 [ Yisririny ——— ,..-....
: .__1. 3 T frd il -
e e T N T e T e D T
50 hd A5 el T g gy i 3 Fon b oracirr
O e e
S dome Tt
) : s
Py T ot SRR TN prert ML
O S ._i., el red o 1
paeryes imgdry py Qi
deid e dmr o # etk cacd 4 e Ty ke L S
—— 3 -
e e [rusre s ar—— "
g = PRg T Saivy perahetanthiniey s Syagetwm vui Cn s
PR St uivipiag pubatmpit S gy Sryvieis gl aiei &y Sogepdl e 1.2 14
- —.——-“-‘—.—Oﬁ-ﬂu. i n
s 1 -
eyt ol P 4 1. b 13
-C j_.( — [ e STt R et "l ¥ -
= VO ST SO, (PO AU S 1
ey Lok fou i
— - — —
ul aoE
O ! :
H —— i .
3 T rinriog ot easoes oy - Sy e
= i Trary pos = - T
ik Srinitg pdab . ot e ¥
3 0 3 [ mewe e [ —— 3
- - r +
R, T L T Y gorey T
I T = 4 ¥
1 bl b & 1
. = TE ot i S
Al i
o —try e »—— 1. r '
< - ———r =4 R ety din 1 ...1-....—--.-.4 o sherem e e . he e -
z font B b Frep i As Farf nue oy
vy T T ;
s I (S i ir P i
-_:-.;m..........-..._-........q re wd et e Law .-.-——.-.‘L. e s ?..':Tt":" -._.:....1.
20 > EoaTo S s |
s
. T = o
T P vy T
+ L
[ gl r1 1 k3 1
n et
1 i
s Foy $  pr 94
¥
- T
by 1 T +
I "_ T
I 0 =T = : N 1 S :
- o m—— 3 ..‘ e g memine - : g
1 y L : X o f
s et el s g - T * T e T s Gt
——t — 3 Sy (DT Yo pana pygn -t
: : T
z Tt T T
T e
. L] e e P e Py —F
L s g ST p st b o 2% by vt |
[ttt Aty g o ¢ ol g foeery) -
s et -
7 iy
5-—: e - - +

-80

-60

-40
TEMPERATURE , T (DEG C)

-20

1237



r

N/

, .sf-,..mc//w

30 ocr/77s

EXTENDED LONG TANK DELTA COS-B MISSION

PRESSURE DATA

WESTERN TEST RANGE , VANDENBERG AFB

FIGURE 2

8 AUGUST 1975 0147 GMT (1847 PDT)

™

ALTITUDE , h (1000°FT)

'

100

PR et kot o

Pl et A - e T = —
ST o vt TR =
ek} St o it ed o et Tes
—— s Qivewietul am) Juu- el Jopienll it npodet et (bt S
T Frp gt H H 3 -

Taome e

_.-...1.._....-

el pemareera
L it oI

T ._...’- [

ey
e

el R

- Y S g

= (ICAD):

a}
— AVIATION ORGANIZATION:___-__..
SATMOSPHERE = &

i we new

gy -—...1 (e ,... =

T mawd ol

e

gt
s
saiania

Gaq- aegapre
- eak ] e
IR Py

par s

Fiiae gea

IR perer

rl iy

oy
i

PR PR v e e

ili

-t

na
B
i

-y

g —

i - Sk

e
=i b H

manit i
gt e

o
O

i

DT e

e

- ey

e i e L

rz':'-=""_

[

-

_.....,....... et Sk e

i ""“t“"‘"""“"""_‘—‘ P

o . m—wa

e ¥S 4 —l..l
- i e w1

iy

S v b

e st ._.h.._._.._-. -1._ — —.-_a

ol

A Y
@)

e e p g g P 1 3
n — e fae e P Rl Ry ey g
o | i '.'.’_ pha

-
e

o

"‘i-“‘“" =

—
e b e = Aam

wwirm s i

gt -..J-..._ R— [ N T TS ey ot B Al b it i med ey
oy I ....‘::..- e ey e Lk e o . paripoeonp Ppeae
D e sl e gy mE i o b e e e e e
omien v s gt Tl 2 il e fonas byl Eeena

Y
o

P e e S oot
e,

B Y e e e e et e e

ry

et S S

e ek e e

T b e g d woe mpem oy o .......1_ - ,

it ey diey

._.4

—om
N e T vy s iy
SIS .............. e et i
= a EHa s ;_ T

T T T T S I TR I I I T

[p——

vi

e i wrpryy pipmage g ¥

—

o+ P iy ayd

e e

} I—— —_———

ik ¢ P

ey o i)

S - ——=

N
o

e |y e _E Sy g S et oa =
=epeen “—'i-—’" TR ey ..-.-.-,-.-.- :——q—.L- ey
- jany

1 1 i ¢ A -
P e = I
- Sy oy ey i
[y pepeny e s g A s moae o b = gk ek

,. [l iyl P T Tt et et Pl e Pl i Koot $

TP Sirilh . slief e el poill B o rnCioky ook e St vt : a et ey
¥ e I T H ho

2 arf A m b et 3ot

o p——t

Ly e B B s Cag oot

S anpa

et Gt il

Erpr st |

g

maarpon .

pegereyias D I e e et e . S el Mok st el A e—

. 4_.3.-.— kIt p e A Y e i T L) F —— PR e gy T I T T e SR T T Retmarveh 4

B o B Pt g R [N T e 3 = 3 -
e = b i g ] 5

rm—— +

[ —-

—

=

§UT LTI

[l

gy i |
S i

Sy b

10

Yoty
i

it e g

i byleupeir iy pgiepgns i
rishiunistunl o e =l Teniead o
B e i P e - —a = 4 D ke P el v

iy Foa T

B T iy

——— et sty
vy raamiy xkipiarmaie

- et pie
b g
e e iy p iy

Fraat PR LE "”“-i

- ..-J. i

e Loy o e § ok rrem

s et

i Tt o
oot Mo

400

600
PRESSURE, P

1-24

800
MILLIBARS)

1000

1200


http:ATM0SPHE.RE

METEOROLOGICAL CONDITIONS - FIGURE 3
UPPER WIND DATA
WESTERN TEST RANGE, VANDENBERG AFB.

T 1975 ,_ 0147 GMT,(1847 PDT) -

C.C S ms
Jo acr 1975

L

——
asir

— ey oz
S e
PR I g it Sy SR ——a amiew
S et dagortamtent Sk Jrgeieiodin* Wi et Y P e

[ P RTS Ty Sy ST PR A R I L) ORI Y g g v
(hisropBiidey Iuippunib qubinil Ayl m......T.... g Fe el -t S [4 Sl i PR b Pty Fippvandetulhgrt
ot b ikl arn et ik B L Jou S 0] REtPeEy: 3 = Bl ]

. :
T g Sty Shyatavert Mgpe cloet] e SRR

[T Fioeha Wit
SRP T 1 bat ph g
IS etk Skl e s
4 o rE " ety e

SR T e ietivh deileg et Fripgui
o+ ooajoukadu e

PR S Tt s .

FEr Tt F PRty E g A PP e e
1 T ity et L

\.,
s e Py
[ W

ST i e ]

TS 3
P lum#rl_-.. . ..T..uhuﬂ.vn i g oy

&
O SR
PN Bt R o4 yrra] e ie

[d o i e wma e N
i ir et el o ot i s s Bt Tt Tk

S T (o AP Wierua: Byl i -yl

PRI L e rptigirne feirup g fuppsetm . m— [Py Sy s i

Pl T L i b A .a * Ty c.na.-.m .....!...r

o e T I b TR T 3 ] Lot

AP e e [y M S T T e

gl ¥ i g g e o Pt sl & - 3

it SER S Vi et o i g sodoupmpet. heotugen e oy E b e iy S
e T

T T T e e e L e Bl oy T T
T 1 e L e T e T S T ™ el il girepé it
e LRyl U SV Wil gl Sl o el giumc fasinguiiesghanie deuiiripuini A - SRy PP P i Al . ol S S

ARl el iy Aoty - i it i fegpinguy i g S ey Jelipv-gpanai by g s fugribery
P S ELb s T la.D [ Sl =

g S ihieg dengbipipaiingraity Rl iiilgdey S Ji S i - DRy ittt vk st

[t P g e o bulbin el S S gt St Vel ity eyl - S i wur fry whoand mbeae e

. mmmbae = e - - —— = waemem g e WA RE e R [ e e kit T Sad

" — .|a...nx|tu.uuh.u.uu..rwiu..|nhnwnn.| L et e T

Sgm et o
Cis il iy

e gt it
Ly e A eeiuliteteti S

CIi o St
e A i

LRI TP L T e T
. PPt S R | Nyt Se PRty . [ty Ry el gt Aty
| e | R mPabot ol Sy
OE=isiE gy Enend !
R e P LTl et CF Trioptoioedenn
gy bapieiaur Y SR LT e e T Ty

ST L ST L SR T R T Ry
——}

it S S ——— T e

et e AR e e T e oy : T
= P ot g e fgaiiavhond N T S T T AT
v, 13 anivisay ST T Sy e e
. e 11177 TR ey e T
Yit3 : - B e o

A S T AN LY st el e

= bk b e a g %A BeA A o At A S B d ot m K anr
i i g el L Bl SRR AT S

ARt

ey P A st ey Py iepuispeind: Gt o8
T 1 ety o S5 i el T L N P
St 3 am L e ame =k e sk A ] et o il & o e o e & S
P et S P e ool 1 i pOeoiivilngy Wiuilt-Resil

et ol t P o ey el oot rmrserntnorm i Ao

i Z TS e S e S
et I ety S S I VI T S AT e S Ll T sl
s s et WSo . ¥ T et el e Sl L e Tt e i
v et o e bt e e = [ A —n peeiEeer H L opinm amarek o nan § et
oot eiube e plonpuipuasies i amsodel o ob il pat it earel b e ral b e el iorion
Fminend o ad i - E e e T T L L L S L T S D I TR S I
Prgurd i — fuaer s v = R b e rEen A A ek ol b 3 fus b ek s = s oy ek
A bt e pa e - n o e . e B e it -8 i . —
ey o el L PRt oret A o 3 [ ol
e o R . T " 1 LA oottt o
T oo A e - P
ph=
Ly —— oy ety ——emy B - ] 3 ——— [engrepaypey ey gy
P T e o 3 1 T ] i : : [ tpsired el
Ermar oo L / s e ok : e it sy S

I st O SR . TR Ffray 1o Y T S oo it Sitbureeymharee s e/l

e TR g i DN el s = e ETe e

T e el gy e b . kS oistusipunds Fiiey Lanr e

e S i A ] R.ulu[T..il..l.:c B T e e e T R Ty v
L. f

et rteing g Ry T T [ g e oy e S
[t uie et in a1 ~ D T e I R SN i i sanmpuing ey it § e aaidairi el
it el R e P bl = iy 3
e compaea e e e e S T Ty % P gu oot o)
o e Rens TELT? (44 AP = T ot o T eIy ey Pty
o g ST Tarat LACES L g g g i prfibap ot sbupeyatug. S feteiprg oo ot yeppledeyofd g NSO oy
e e ety RSy M P i S puri bt aipuintineulyy e Sbon syt ot g i el Attty Wt
e e Lt TEEY 3 [ g [t el e Sidot S seip i iy Yl
k4 1 ey Fem— —
Rt p Tt b o S ooy YTt i gl i
3 e ..u.uum I ot i £ | EEretr s rera e
- i ey anfr i g $ e i b e iy vy Py bl e
o — - Y g it S il ookt e et e T 2 F et
T e e L T I S T L S T T T, Sl
£ 1
e e T T e n 4
- 4+ Ao e |{T| - —
PRt fir et Sttt Seguinimains Sivoaysoat Supiggie Sebpaliogisdom lgiefsraion
samenr v o - — O e L R it e ——— o a4
y 5 ? M I pmgerert § e i S _
4 ek - Pt P e e e
g b g a. 3 T T R Kbttt
e SR S St T i s S it pbegy iy ——Fie
e I I e e e et L : . - 2 .mn.h 3
pe !N o
z 0
: —— -
e
ey | Biohura et 0N
e T

Ten i a am by

I SR e
e

SEi

(I370001) g *3anuLwv -

1-25



EXTENDED LONG TANK DELTA COS-B MISSION

FIGURE 4
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Attachment 2 to:

A3-262-AMO0-MT5-509
SECTION 2 . .

PROPULSION SYSTEMS - C0S-B MISSION

2.1 INTRODUCTION

Overall performance of .the CO0S-B taunch vehicie propulsion systems was -
satisfactory throughout first, second, and third stage flight. A1l data
returned by telemetry channels used to monitor propulsion systems performance
vere satisfactory with two exceptions. The LOX pump inlet pressure transducer
failed at approximately 74 seconds from 1iftoff, and the second stage chamber
pressure exhibited the same anomalous characteristics observed on previous SSPU
flights.

A summary of vehicle model and serial numbers is provided in Tablé 2-1. There
were seven first flight items on this flight. These first flight items are
Tisted in Table 2-2. A1l flight times in the text are given in seconds after
01GS indicated- 1iftoff unless otherwise noted. The "DIGS Liftoff" time for
this flight was defined as the time at which the vehicle achieved anproximately
37.5 ft/sec? acceleration (about 5.3 ft/sec? off the pad) for four consecutive
26-millisecond time intervals. The propulsion system sequence of events is
summarized in Table 2-3. ' ’ )

Reconstructed booster and second stage performance parameters are compared in
Table 2-4 with corresponding values from the latest booster nominal simulation
(Reference 2~1f and the Detailed Test Objectives Report (DTQ, Reference 2-2).
Values from both reports are referred to as nominal values since results of the
nomiinal simulation are used to geperate the DTO0.

First and second stage reconstructed values are compared also with values from
the Best Estimate Trajectory without winds (BET, Reference 2-3) and the
Propulsion prefiight tag predictions (References 2-4 and 2-5) in Table 2-4,
Cumulative statistics for all comparisons in Table 2-4 are presented in

Table 2-5.
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In this section, the viord "predicted" refers to prefilight predictiops of
performance for the Propulsion systems utilized on this vehicle (References 2-4

and 2-5) and does not denote nominal or DTO values. The word "reconstructed”
refers te postflight reconstructions cf performance aenerated using telemetered
system pressures, temperatures, event timas, acceleration, and (for the second
.stage) flowrates. The term "internal" refers to reconstructions‘based on
pressures, temperatures, and evenis. The term "external" refers to reconstructions
using acceleration and. the internally reconstructed vehicle mass history.

2.2 FIRST STAGE PERFORMAMNCE

Performance of the first stage propulsion systems is described in the following
paragraphs. .

2.2.1 HMain Engine

A1l valid telemetry data indicated that the main engine flight performance was
satisfactory, as summarized in Table 2-4.

Figure 2-1 shows the nominal and actual start sequence.times. The agreement
observed between the nominal and actual sequence times indicates a normal
start sequence based on available engine statistics. The main engine start’
sequence was initjated 2.338 seconds prior to liftoff (DIGS).

Main engine cutoff {MECO) occurred 226.835 seconds after 1iftoff due to actuation
of the fuel injector pressure switches (FIPS). The propellant residual at MECO.
was 281 pounds of fuel or 19 pounds less than the loaded bias of 300 pounds. The
residual corresponds to a propellant consumption and a propellant utilization (PU)
of 99.84 percent and mixture ratio variations of -0.0007 mixture ratio units {mru)
 from the preflight prediction and -0.0187 mru from the ground test tag prediction.

Figures 2-2 and 2-3 present the internal reconstructed 1iquid engine thrust

and flowrate histories, respectively. The overall performance was good and
gerierally verified the performance model.

2-2



The DIGS thrust acceleration measurements, together with preflignt predicted

rag and postflight internal reconstructed vehicle mass, were used to compute
total external booster thrust and specific impuise. Figure 2-4 depicts the
internal and external reconstructed thrust histories which agree very closely
from 1iftoff to MECO.

Table 2-6 presents a comparison of averages for total vehicle a1tit@de thrust

and specific impulse between 120 seconds and MECO and the average mixture ratio
over the entire flight. The internal -reconstruction indicates first stage Isp

was about 0.52 seconds higher than predicted; the external reconstruction shows

a decrease of about 1.45 seconds from the predicted value. The preflight pre-
dicted and internal and external reconstructed values are compared with the ground
test tag prediction in Table 2-6. Cumulative statistics for these parameters are
also tabulated in Table 2-6.

2.2.2 POGO Suppression System (PSS)

The PSS was pressurized from a 464 psia reaulated AGE source until 1iftoff.

No inflight pressurization was prdvided, thus the inflight LOX volume was a
function of the ullage gas mass and temperature and of the LOX pump inlet
pressure. -The two temperature probes in the PSS showed that the PSS performed
'sétisfactorily and the LOX and ullage gas volume constraints were satisfied

throughout the flight. The upper probe may have been covered momentarily by
splashing at 1iftoff,

2.2.3 Vernier Engines

Vernier engine performance appeared satisfactory based on telemetered chamber
pressure data from vernier engine No. 2. Reconstruction indicates that the engine
was operating at a thrust level of 977 pounds durina vernier enagine solo, which

is less than the nominal thrust of 1002 pounds.

2-3



£.C-% UITQ OTOTS

Based on telemetered data and reconstructed nerformance values, the performance
of the solid motors was satisfactory. Table 2-4 summarizes solid motor per-
formance and Table 2-5 presents cumulative statistics for Castor II motors.

The reconstructed solid motor performance-is based on event times and the
chamber pressure histories. Total burn times for both the ground-ignited .and
altitude-ignited motor sets were generally slightly less than predicted. Ueb
times were slightly greater than predicted. A1l burn and web times were well
within the allowable dispersion band of the Castor II motors. '

A1l of the solid motor start and thrust buildup transients were normal. Total
thrust and flowrate histories for the solid motors plus the main engine are
shown in Figures 2-4 and 2-5, respectively.

2.3 SECOND STAGE PERFORMANCE

The second stage engine operated normally for the first burn.of 283.75 seconds,
which was 0.75 seconds shorter than the BET prediction. The experimentaT
restart had a duration of 25.06 seconds for a total burn time about 6.1 seconds
‘Tess than the predicted depTetibn burn time of 320.6 seconds. A fuel depletion
was observed. A summary of second stage first burn engine pérformance is’
presented in Table 2-4 while specific impulse, thrust, and flowrate histories
are depicted in Figures 2-6, 2-7, and 2-8, respectively. Table 2-5 presents
statistical data for values in Table 2-4,

2.3.1 First Burn
D&ring first burn operation, the second stace termperatures and pressures were
nominal. 7he propeliant tanks pre-pressurization sianal occurred at 229.83°

seconds, 3.00 seconds after MECO (FIPS} command. During the pre-pressurization, the
helium-bottle, helium regulator, and propellant tank pressures were as expected.
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2.3.1.1 First Burn Transient Performarnce

The total start transiesnt impulse calculated ﬁsing chamber pressure data was
346 pound-seconds compared to the previous average-flight value of 383 pound-
seconds. The total propeliant consumed during the start transient was 2.31
pounds compared to the average vaiue experienced of 2,43 pounds. The shutdown
propellant flow to propeilant valves closure was 6.36 pounds compared toc the
average value experienced of 6,23 pounds.

DIGS accelerometer data indicate a shutdown impulse of 3187 pound-seconds,
compared to the 3040 pound-seconds prediction derived from analysis of data from
previous flights. The shutdown transient performance is summarized in Table 2-4.

2.3.1.2 Steady-State Performance

Second Stage Ignition Command -No, 1 (SSIC No. 1) occurred 240,81 seconds after
Jiftoff and Engine Start No. 1 occurred 0.37 second later at 241.18 seconds.
SECOM No. 1 occurred 530, 56 seconds after 1iftoff as tha result of a planned
DIGS~initiated cutoff command. Therefore, the propulsion system first burn
steady-state powered fiight duration (from Engine Start No. 1 to SECCM No. 1)
was 289.42 seconds. This time was 1.08 secends shorter than the BET predicted
duration. The reconstructed average thrust was- higher than predicted, as was
the average flowrate yielding an average specific impulse that was 1.75 seconds
lower than the BET prediction.

Although it did not adversely affect the primary mission, the COS-B vehicle
experienced an anomalous vibration which occurred from 165 to 212 seconds into
second stage burn, This anomaly is discussed in detail in Anomaly Report

No. TOO166. The vibration-had-an acceleration level of approximately 2 g's zero
to peak in the thrust axis at a frequency of approximately 130 Hz, as measured
at the guidance section.

The fuel manifold used on CGS-B was of a new buy, built especially for the Delta

Program (previous fuel manifolds were designed for the Lunar Module Descent Engine or
LﬁDE). The Delta fuel manjfo]d'fncorporated minor production changes, including
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a weld bead at the inlet., Corrective measures being considered at this time
inciude the removal of the weld bead and stiffening of the thrust mount.

Analysis is continuing as additional test data become available. During the
interim, silica chambers are being flown on stages utilizing the Delta mani-
fold to improve stability margins.

Another anomaly with respect to mixture ratio and specific impulse was identified
and is discussed in detail in Anomaly Report No. T0O0168. Reconstruction of
inflight performance indicated an approximate 0,010 mru shift in mixture ratio
(M.R.) starting during the period of 130 Hz oscillations. The initial re-
construction also indicated an apparent 1% lower than expected specific

impulse (Isp)} throughout first burn engine operation.

The specific cause of the mixture ratio shift has not been determined, but is
considered an effect of the 130 Hz osciliations due to the simuitaneous

onset times. Possible causes of the M.R, shift are: 1) cracks in the oxidizer
pintle slots as a result of the oscillations, or 2) the effect of osciliations
on flowmeter calibration (although the apparent increase in oxidizer flow rate
is ‘not consistent with postulated f}pwmeter failure modes).

The apparent low specific impﬁise has been attributed to flowmeter calibration
error. A detailed evaluation of propellant depletion characteristics indicated
a bias in the oxidizer flowmeter over the entire engine burn time. With the
bias taken out of the flowmeter data, the calculated specific.impulse is

normal. Normal performance was also verified by stage velocity data; therefore,:
it §s concluded thag the engine specific impuise was normal. Information
presented' in this report reflects the corrected data.

Predicted and reconstructed values for propellant consumpticn were comparable,
Approximately 808 pounds of usable propellant remained on board after SECOM No. 1
in reserve for.the second and third burns. This represents a first burn pro-
pellant consumption (PC) of 92.37 percent. According to the integration of
fiowmeter déta, the average first burn mixture ratio was 1.584 mru, less than
the 1.598 predicted but within two sigma of the predicted value.
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Reconstruction of thrust from acceleration data yields an average specific
impulse of 300.66 seconds compared to a BET predicted specific impulse of
302.41 seconds. As depicted in Figure 2-6, from approximately ignition plus
200 seconds the reconstructed specific impulse decreases at a faster rate,
moving farther away from the predicted level., The start of this decay in
specific impulse (Isp) is coincident with the beginning of the tailoff portion
of flight.

Based on chamber pressure data, the reconstructed throat erosion was -1.2
percent compared to a predicted value of 2.2 percent.

2.3.2 Coast

The sccond stage coasted for approximately 2688 seconds betieen the first and
second burn. A1l monitored pressure and temperature values were acceptable
during coast. The fuel tank pressure increased by about 15 psi and the

oxidizer tank pressure rose about 27 psi during coast due to heating. Character-
istics of the fuel tank pressure data indicate proper levels throughout the
mission,

2.3.3 Second Burn (Experimental) R

The second burn (as reconstructed) was initiated at 3218.3 seconds after
liftoff. The burn was preceded by a settling period of approximately 15 seconds.
No actual data were available for restart. Therefore, no conclusion can be
made as to the adequacy of the settling period.

The restart steady-state burn duration was approximately 25.06 seconds which

was 5.79 seconds shorter than the predicted value. Restart burn times usually
are shorter than predicted because heating during coast increases the propellant
tank pressures resulting in higher than predicted thrust and flowrate levels.

Approximately 55 pounds of propellant remained on board after SECOM No, 2.
This corresponds to a propellant consumption value of 99.74 percent for the
two burns.
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2:3.6 Nitrogen Auxiliary Propulsion System (APS)

Predicted and actual impulse usages from the nitragen APS for various events
are tabulated below:

Event Usage Predicted Actual-Predicted
First burn 18 16 2.3
First coast 297 430 -133
Separation and retro 54 44 ) 10
Plume impingement - 14 40 -26
Settling 125 . 115 10
Experimental burn 1 1 0

Total 509 646 -137
Overall APS performance was normal.

' ' ' ' GE
2.3.7 Second Stage Retro Initiation (ﬂ{ﬂEﬂﬁAI}}”;
: OF‘fOOB-CﬂlAleE

--Second stage retro initiation occurred at 3027.29 seconds after 1iftoff.
During retro, bottle pressure decayed normally from 130 psia to approximately
zero psia.  Based on the DIGS system integrated velocity value, the separation
distance at third stage ianition was approximately 42.3 feet, compared to the
minimum required of 25 feet.

2.4 THIRD STAGE PERFORMANCE

2.4.1 Spin Motors .

The spin table microswitch data indicate that the eight spin motors were fired
at 3025.30 seconds after vehicle 1iftoff and produced a spin rate of approxi-
mately 39.3 rpm {(versus predicted 39.8 rpm) at third stage/spin table separation.
It is concluded that all eight spin motors performed satisfactorily.

2.4.2 Third Stage Motor

Performance of the third stage motor {TE-M-3584-3, S/N 00025) was satisfactory
 based on the accuracy of the spacecraft orbit, The chamber pressure data
.exhibited a ~10 psi shift at 23 seconds after ignition, and a complimentary
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+10 psi shift at motor taiioff. The shape of the pressure-time curve appeared

to be normal both prior to and after the pressure shifts. Accelerometer data

did not exhibit corresponding shifts in the acceleration level, and it is there-
fore believed that the chamber pressure data shifts are not indicative of actual
motor performance. Immediately after third stage motor tailoff, Tow level
oscillations were noted on the spacecraft attach fitting accelerometers. The
oscillations had a maximum amplitude of 2.3 G's O-peak at a frequency of 800-1000 Hz,
and lasted for 18 seconds. During this period of time, the motor chamber pressure
did not register any activity. The cause of the oscillations is unknown at this
time, but is under investigation. Predicted third stage solid motor performance
parameters, obtained from Reference 2-6, are listed in Table 2-7.
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Item

Launch Vehicle

First Stage
Main Engine

Vernier Engines (two)

TABLE 2-1
VEHICLE AND VEHICLE COMPONENT: IDENTIFICATION SUMMARY (C03-B)

Manufacturer Model Serfal No.
MDAC |  DSY-3p-11B 20018
MBPAC pSv-3P-1A 20020 (602)
Rocketdyne/A Division of RS2701A 007

Rockwell International
Corporation (RD)

RD LR-101-NA-11 No, 1: 338180
| No. 2: 338181
Solid Moters (Set Thickol Corporation (T5) ' TX354-5 Mo. 1: 473
No. 1 - three) . (Castor II} No. 2: 474
No. 3: 475
So11d Motors (Set 7C TX354-5 No. 4: 480
Ro. 2 - three) {Castor 1I) No. By 535
. No. 6: 489
Solid totors (Set TC TX354-5 No, 7: 454
No. 3 - three) : {Castor 1I) No, 8: 498
No. 9: 548
Second Stage Propulsion System MDAC DSV-3P-4B 20020
Engine TRe | TR-20] 1016
Third Stage TC , TE-M-364-3 00025
Spin Motors Atlantic Research Corporation (ARC) 1000399529 -



TABLE 2-2
FIRST FLIGHT ITEMS (CO0S-B)

Castor Il wmotors with bimodal oxidizer propellant: Castor II Motors,
S/H's 473, 474, 475, 480, and 489, were loaded with bimodal oxidizer
propellant aft of the aft propeliant slot. This is a departure from the
standard trimodal oxidizer propellant.

Castor II direct-mount pressure transducer: Previously, the solid motor
chamber nressure transducer was mounted in the motor forward dome with

a short hardline connection to the motor pressure port. The change to
the direct-mount configuration was accomplished to reduce potential
hardline Teak paths and facilitate launch site installation,

Castor II solid motor aluminum wiring tunnel: The previous fiberglass
tunnel cover has been replaced with a similar desiagn fabricated of
aluminum including cork sheet interior insulation. The change to the
aluminum tunnel was implemented to reduce cost.

Over-age TE-l{~-364-3 third stage motor: This was the oldest third stage
motor to be flown (44 months old at launch). The oldest motor
previously flown was S/N 00026 on SKYNET-IIB (35 nonths old).

Second stage fuel and oxidizer tank shutoff valves: The Fuel Tank
Shutoff Valve (FTSV), P/N 1B96916-1, and Oxidizer Tank Shutoff Valve
(OTSV), P/H 1B96916-501, replace the FTSV, P/N 1B85417-507, and QTSV,
P/N 1B95417-509, effective DSV-3P-4B, S/N 20020, and subsequent.

The Pneudraulics, Inc., P/N 9386, restrictor check valve (PRCY) was .
repiaced by the 1897422-1 PRCY in order to obtain proper CTSV-FTSY
differential opening time with the new TSV's. Physically, the two
valves are identical except for the size of the restrictor flow
orifice. The incorporation of the new TSV's also required minor
modification of the interconnecting tubes between the PRCV and the
TSV's, and a change in-the pressurization seguence,

Second stage fuel pressurization fitting modification: The 1B94500-1
fuel tank pressurization fitting located on the forward dome of the
SSPU fuel tank was modified by having its sense port increased from
0.098 inch diameter to 0,300 inch diameter, In addition, a 0.012 to
0.013 inch diameter hole was added between the fitting inlet pressure
port and the fuel tank top pressure sense port.

POGO accumuiator vendor change: The 1B89068-507 POGO accumulator
(manufactured by Solar) was replaced by 1896342 (manufactured by Coast
Metal Craft). The vendor change was necessary because Solar no longer
builds this part. The new accurwlator is similar to the old part
except for relocated transducer bosses and a slight decrease in internal
volume as a result of different manufacturing techniques.
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TABLE 2-3
PROPULSION SEQUENCE OF EVENTS (COS-B)

- Timeé from Liftoff

Events (Seconds)
First Stage
Main Engine Start Command -2.518
Solid Motor Sets Nos. 2 and 3 Ignition Command -0.38
Solid Motor Sets Nos. 2 and 3 Burnout 38,53
Solid Motor Set No. 1 Ignition Command : 38,97
Solid Motor Set No. 1 Burnout 77.62
Solid Motors Separation 87.34
Fuel Floatswitch Actuation 217.555
LOX Floatswitch Actuation 220,285
Main Engine Cutoff Command (MECO) Enable 222,32
MECO (FIPS) 226.835
Sensed MECO . 227.281
Vernier Engines Cutoff Command (VECO) 233.805
ist/2nd Stage Separation (Actual) ) 235,83
Second Stage

First Burn
Pressurize Tanks 229.83
Second Stage Ignition Command (SSIC) No. 1 240,811
First Chamber Pressure Rise . 241,075
Engine Start No. 1 {Full Thrust) 241,15
Fairing Separation (Comnand) 270.35
Second Stage Engine Cutoff Command (SECOM) No. 1 530,563
(velocity or Depletion, etc,)
Engine Stop (Valve Closure) . £30.963
Second Burn -
Settling Jets On ' 3203,32
SSIC No. 2 LOS
First Chamber Pressure Rise LOS
Engine Start No, 2 (Full Thrust) . LOS
Settling Jets Off LOS
SECOM No, 2 (Fuel Depletion) 3247.514
Engine Stop -{Valve Closure) 3247.914
Spacecraft or Third Stage Separation 3027.32
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TABLE 2.3
PROPULSION SEQUENCE OF EVENTS (COS-B) CONTINUED

Time from Liftoff
Events ) (Seconds)

Third Stage {From Third Stage Telemetry Data)

Spin Motor Initiation; Third Stage Delay Squib 3025,30
Initiation

Second Stage Retro Initiation 3027.28
Third Stage Separation - - 3027.32
Third Stage Ignition 3071.2 %
Third Stage Burnout 3115.7%
Spacecraft Separation N/A

*Estimated from third stage chamber pressure data.
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T Q TABLE 2-4
§ g SUMMARY OF PERFORMANCE PARAMETERS (C0S-B)
€ w
2
= .Internal Deviation Deviation
153 Nominal Tag Reconstructed From Nominal From Tag |
Parameter Unit Value Value Value, Value Value
First Stage
Liguid Engine System’
* Average vacuum thrust 1bf. 223,278 223,M9 226,522 3,244 3;503
Average-vacuum effective sec 291.55 292.61 292,37 0.82 -(.24
specific impulse
Propellant utitization 4 99.81 99.81 99.84 0.03 0.03
> Solid Motors (4, 5, 6)
Average vacuum thrust 1bf 166,119 166,119 168,31 2,192 © 2,192
Average vacuum effective sec 258,80 258.80 260,81 2,01 2.01
specific impuise (Isp)
Vacuum axfal total impuise 1bf-sec 6,414,503 6,414,503 6,473,312 £8,809 58,809
Solid Motors (7, 8, 8) '
Average vacuum thrust 1bf 166,119 166,119 167,117 998 998
Average vacuum effective Isp sec 258.80 258.80 260.3 1.5 1.50
Vacuum axial total impulse 1b-sec 6,414,503 6,414,503 6,447,931 33,428 33,428
SB]id Motors (1, 2, 3) . '
Average vacuum thrust Ibf 166,296 166,296 168,072 1,776 1,776 .
Average vacuum effective Isp sec 259.75 259.75 261.01 1.26 1.26
Yacuum axial total impulse 1bf-sec 6,454,599° 6,454,599 6,494,323 39,724 39,724
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TAELE 2-4 .
SUMMARY OF PERFORMANCEPARAMETERS (COS-B)

(CONTINUED)
Internal Deviation Deviation
Nominal Tag Reconstructed From Nominal From Tag
Parame tér Unit  Value Value Value Value Value
Second Stage** '
Average thrust - 1bf 9,650 9,432 9,597* -53 165
Average specific impulse sec o2 pA7 302.11 300.66* -1.81 -1.75
Average mixture ratio mru 1.595 1.598 1.584 -0.01 -0.014 _
Propellant consumption. (SECO;) 4 93,02 91.73 92,37 -0.65 0.64
Propellant utilization*** % 99.71 99.71 99,75 0.04 0.04
Totd) steady-state impulse Tbf-sec 2,822,43¢ 2,777,874 2,777,885 -44 ,549 n
Total shutdown impuise (SECOI)**** 1bf-sec 3,040 3,040 3,187%he 147.0 147.0

*Externally Reconstructed

**Nomiinal and Tag values are based on DTO and BET burn times, respectively
#***fased on DIGS velocity data
wrxwlatest Propulsion Nominal and Tag Values
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TABLE 2-5

Propeilant consumption

(@ N
: E INTERNAL RECONSTRUCTED PERFORMANCE PARAMETER CUMULATIVE STATISTICS
g .
i & (cos-B) - :
® . :
| b Number Mean Hean Standard Standard
S of Deviatfon  Deviation Deviation Deviation
g; Parameter Unit  Samples  From Nominal* From Tag Nominal Tag
Bt [ -
E First Stage '
Liquid Engine System '
Average vacutm thrust ibf 1%, 1,821 1,506 2,238 1,749
Average vacuum effective sec 1 0.176 ~0.004 0.526 0.309
specific impulse ‘
Propellant utilization p4 n 0,020 0.010 - -
Solid Motors (Sea-Level Ignition)
Average vacuum thrust \ 1bf 29 1.7 1,189 2,446 2,450
Average vacuum specific impulse sec 29 0,460 0.460 1.351 1.361
Tatal vacuum axial fmpulse 1bf-sec 29 n, 72 11,766 33,343 33,600
Solid Motors (Altitude Ignition) '
Average vacuum thrust 1bf 11 «1,139 ~1,134 2,74} 2,749
Average vacuum specific 1mpulse sec 1 -1,610 -1.600 1.231 1.228
Total vacuum axial impulse 1bf-sec 1 -38,425 -38,221 34,047 34,884
Second Stage X
Average thrust#** 16f 13 «169 60.7 161 82.9
Average specific tmpulse™® sec 13 -1,59 =1.776 0.633 0.4246
Average mixture ratio gru }? 060?¥2 -g.ggao 0.0093 0.0094
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TABLE 2-5

INTERNAL RECONSTRUCTED PERFORMANCE PARAMETER CUMULATIVE STATISTICS

(CONTINUED) (C0S-B)

Number Mean Mean Standard Standard
' of Deviation Deviation Deviation ODeviation
Parameter Unit  Samples From Nominal* From Tag Nominal Tag
Second Stage {(Continued)
SN .
, Propellant utilization ) % 13 0,028 0.027 - *-
Total steady-state impuiser? - Tbf-sec 11 -28,312 -25,500 29,552 25,839
Total shiitdown impulsev** lbf-sec 12 19.3 19.3 1Mm.8 nt.e

*Nominal values are based on DTO burn times
*2Externally reconstructed

f**Updated based on the latest Propulsion nominal and tag vatuss
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TABLE 2-6
SUMMARY OF PERFORMANCE PARAMETERS FOR FIRST STAGE LIQUID ENGINE
120 SECONDS TO MECO (C0S-B)

Deviation from Ground Tag

ratio shiftwx

Ground Preflight Internal External Preflight Internal External
Parameter Units Test Tag Predicted . Reconstructed Reconstructed Predicted Reconstructed Reconstructed
. Average total 1bf 217,844 217,844 221,660 220,753 ‘ 0 2.816
vehicle altitude . ’ R At 2,909 =3
thrust* s
Average altftude sec  291.79 291.79 292.31 290.34 0 0.52 -1.45 Eg 53
_specific impulse* . g5
, - : vy
Average mixture nry - - - - -0.01798  -0,01870 * - (o=} ;E
ratio . - - B&
. =
< &
PERFORMANCE PARAMETERS CUMULATIVE STATISTICS .
Mean Deviatfon from Ground Tag Standard Deviation
Number
of Internal External Internal External
Parameter Units Samples Reconstructed Reconstructed Recenstructed Reconstructed
“Average total 1bf N 2,444 3,118 1,766 1,879
vehicle altitude
thrust**
Average altitude sec n 0,007 0.9136 0.365 1,313
specific impulse®® '
Average mixture  mru 1 ~-0.01780 - 0.0118 -

*Averages for vehicle.between 120 seconds and MECO

r*SMS-A not Included



-THIRD STAGE SOLID MOTdR PREDICTED PERFORMANCE

TABLE 2-7

(c0s=B}

Parameter " Unit Value
Total Loaded Weight 1bm 1580,33
Propellant Veight 1bm 1438,29
Inert Weight Loss During Burning 1bm 12,35
Burnout Weight (Motor Only) H- .129,69
Propellant Specific Impulse* sec 290.4
Total Impulse* Tbf-sec 417,679
Action Time sec 44.8
Nozzle Misalignment ) degrees 0.005

MASS PROPERTIES
'Loaded Expended

Foment of Inertia Unit Motor Hotor
Pitch slug-ft2 48,32 6.63
Roll slug~-ft2 49.62 4.29
Center of Gravity** inches aft of 16.05

the forward
attach flange

*Values are for vacuum condition and 75°F

**Measured from the forward face of the 18-inch attach flange

——
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Attachment 3 to:
A3-262-A,PP-M75-509

Section 3

GUIDANCE SYSTEM -~ COS-B MISSION

The Delta Inertial Guidance System (DIGS) performed its functions properly
throughout the COS5-B mission. From the observed small off-nominal SECO

orbit parameter deviations, the system navigation errors appear to be nominal,
Postflipght statistics and interpretations of key guidance, navigation, and
trajectory parameters are provided in this sectien.

3.1 ALTGRMENT

The gyro update parameters were observed small and a continuous steady state
solution to these existed logg before liftoff during the terminal count as
shown in Figure 3-2, This means that a minimm of vehicle sway occurred in
each body coordinate., The system tracked this motion well since alignment
had reached a converged solufion. The gyro bias update parameters resolved
into the IMU (X, Y, Z) frame are respectively (0,058, 0.007, -0,081) deg/hr.

T 3.2 CLOSED LOOP GUIDANCE PERFORMANCE

The observed response of the guidance éystem for the COS-B mission was as
expected. Table 3-1 presents the significant mission trajectory event times
end attitude errors, Figure 3-1 shows a continuous time history of guidance
adjustments in vehicle sequencing time while Figures 3-3 through 3-6 present
-guidance'system time adjustment and steering., As shown in Table 3-1 -end the
figures, all guidance time adjustments, attitude errors, and guidance steering
commands were within the normal ranges. Figure. 3-7 show the velocity gained
after SECO 1 as a function of time. These can bhe used to compute actual
talloff impulse. Figure 3-8 presents the second stage thrust axis veloeity
and shows the change in velocity at third stage separation and igniticn.

Note that this figure is valid only for changes in velocity (not total
veloeity) since the range is -1024 to +102L ft/sec with overflow allowved.
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3.3 HAVIGATION AND PERFORMANCE

A total guidance system error cen essentially be categorized as residusl
gystem errors and system navigation errors. Table 3-2 normelly lists the
MECO and SECO 1 orbital parameters extrapolated from data reflecting NASA
hardpeint (tracking, SECO 1 only), guidance computed (telemetry) and the
targeted nominal conditions. However, due to lack of NASA tracking data
from before SECO 1 through experimental restart, no valid hardpoint SECO 1
orbital data is available, Errors due to less than perfect mavigetion
nbrmallj can be compufed as differences between NASA and telemetry data.
The total guidance system performance as of SECO 1 normally can be ocbserved
in the difference between NASA hardpoint and the targeted {vT0). data, Even
though no valid NASA hardpoint data is avsilsble, from the observed data
presented in Table 3-2, it is evident that DIGS performed well throughout

the second stage. burn,

3.4 ANGLE OF ATTACK HISTORIES

A reference angle-of-attack profile was generated from PCM inertiai velocity
vector by subtracing the atmospheric rotational wvelocity due to the earth
rate and transforming the resulting relative velocity wvectory into the body
coordinates using the T® matrix., Note that the angle-of-sttack values
include the wind velocity effects which were measured prior %o launch. The
wind velocity vector was resolved into body coordinates and accounted for
p}’ior to computing the angles of attack, The true piteh, yav and total
angle~of-attack are defined from the wind coorected velocity vector in body

coordinates using the equstions

-1
e = tan (VZRB/va)

B = -tan-l (-V&RB/kaB)

o* = ten™t (/v;RB + Vgns/vxaa)

Figures 3-9 and 3-10 provide the angle-of-attack histories up to 240 seconds
of flight.
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3.5 EXPERIMENTAL RESTART

From the guidence standpoint, no significant events occurred during the
open-loop experimental restart (TM data wes very poor during this period),
except for the long burn time. This is discussed further in the Propulsion

and System Performasnce sections of this report.
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Table 3-1 .
C0oS-3
- MAJOR EVENT TIMES AND VEHICLE INERTIAL ATTITUDE ERROR

Vehicle Attitude ' Vehicle Attitude

Event Time (Sac) From Nominal {Deg) Event ., Mne {Sec) From Nominal (Deg)
Liftott 0 Ap = 0,209 Start Coast Nominal 630,000 A =
- 40 = 0.063 Guidence #1  Actual 40 = No PCM data
4y = 0,039 ‘ . Ay =
First-Stage Nominal 125,000 * apm 0,343 Stop Coast  Nominal 680,000 Ay =
Guidance Actual 125,232 48 u 2,206 *  Guidance #1  Actual 40 = No PCM Datw
Initiation Ay = 1,559 Ay =
MECO Nominal 228,061 44 = «0,0k45 * Btart Coast Nominal 2975,000 4¢'= 0,038
. (DIGS Sensed) Actual. 227,381 . AB = 1,207 Guidance ¥2 Actual 2973,395 40 = 0,066
4y = 0,264, ap = 2,243
Becond-Stage Nomina) 280,000 Ad = b 95T Btop Coast .. Nominal 3025,000 Ay = 0,047
Guidance Actual 279,524 a0 2 0,h09 | + Ouidance #2  Actusl 3023,204 _ dew 0,092
Initiation ) Ap = 0,199 ' Ay » 0,099
SECO 1 Nominal 531,075 A$ » 6,611

{DIGS Sensed) Actual 530,951 A0 = 2,135
) Ay = «0,085

-

<

» ¥00d 0
o VNIDIEO0

&1 §ova.
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Table I=2

CO2~-B ORBITAL PATA

. Apogee * Perigee ., -
Trajectory . TrajJectory Altitude® .3 Altitude® A Inclination Al AV
Point Type . {n.ms.) (n.n3.) {n.mi,} {n.mi,) {deg) (dez) . (ft/see)
MECO Tergeted 103,687 - 0O ~2608, 49 o 89.5930 . 0O 0
Nominal ' ' '
Telemetry = 106,10k 2.kt ~2585,08 23,41 89.6103 0.0173 192,593
{Guidance
Computed) B
BECO L ' Targeted 238,710 0 91,849 0 69, 6667 o . 0
: Nominal## +h,660 12,07 40,041
Telemetry 237,842 °  .0,0868 91,615 0,234 89,8688 0,0001 =1,892
(Guidance ' ,
Computed)
.- NABA 'No NABA SECO 1 data availeble dua to lack of tracking prior to BECO 2
(llard})aoint (experimental burp SECO),
Data

# Bgged on earth radius of 3439.62 n.mi,

#* Indicated toleragj

apees are root sun aquare of 3¢ contributlons to orbit puramater dlsi:emipna.
The velue of At

calculated at the beginning of second stege guidance was =-1.890 seconda,
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Attachment 4 to:
A3=-262-AMO0-MT5-~500G

FLIGHT CONTROL SYSTEM ~ CQS-B

4,0 FLIGHT CONTROL SYSTEM

All flight eoqtrol systems operated nominally throughoutlthe firat and second
stage flight for the COS~B mission. First-second and second-third stage
separations occurred satisfactorily. This was the first DICS mission to use

a2 modified second stage propulsion fuel manifold system. An unexpected pogo
resonance of significant duration was observed during powered flight. This
anomaly had no impac¢t on the sueccessful completion of primary and secondary
mission cbjectives, Maneuvers to shield the payload from the sun and to
reorient the wehicle prior to third stage separatibn were adequately performed.
The nitrogen gas usage through third stage separastion was well within the pre-
dicted three-sigma deviations,

k.1 FIRST STAGE T

The first stage control system maintained vehicle stability and performed the
required functions throughout first stage f£light.

4,1,1  First Stage Statistical Record

Table k-l provides a compilation of some of the control system characteristics
for this flight and the corresponding statistiecs generated from past flights.

4,1.,1.,1 Thrust Misalignment

The first stage main engine positions required to direct the thrust vector
through the vehicle center of gravity are shown in Figures b4-2 and k-2 for
liftoff and MECO, respectively. Data points of previously flown 2914 vehicle
configurations &nd the mean values applicasble for each plot are aiso shown,
Note that the engine positions for COS-B were within one-sigma deviatlions from
their respective mean values,
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4,1.1.2 Maximum Aero Moment Region

Peak roll rate and pitch attitude error with their respective peak engine
deflections occurred at the maximum dynamic pressure time of about T+36

seconds., All other pesk values of attitude errors, rates and engine deflections
occurred between T#67 and T+79 seconds., Large engine deflections prior to 20
seconds were primarily due to programmed pitch maneuvers, Figure 4-3 shows that
the peak pitch and yaw engine deflections after 20 seconds were -1.2 and 1.5
degrees, respectively., These deflections were primarily caused 'by the combined
effects of wind shesr and dynamic pressure,

4,1.1.3 Roll Moments

External roll momertts were computed at liftoff, maximum dynamic pressure, MECO
and vernier engine solo times of flight. The roll moments shown in Table L4-1
are the total extermal moments {includes thrust misalignments and serodynamics)
which are computed from the vernier engine deflections. A vernier engine thrust
of 1000 pounds was used for ali calculations.

L,1.1.% Peak Vernier Solo Engine Deflection

Rates and attitude errors from Just bef:ore MECO to just after stage II (second
stage engine) ignition are shown in Figures l«k and 4-5, Note that attitude
errors and body rates present at MECO are zeroed out by the vernier solo control
system prior to first-second stage (I/II) separation. The peak vernier engine
deflections occurred shortly after MECO, The largest deflection was in the yaw
chennel due to the large attitude error existing at MECO in that plane. '

4,1.1.5 Maximum Guwidance Rate Commands

The max:.nmm guidsnee rate commands occurred at guidence initiation (T+125
seconds-). The pitch command was very close to the mean vglue observed over
12 migsions. The yaw command of -0,20 deg/sec wag less than one standard

+

deviation from its mean value,
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4.1.1.6 Conditions ‘Before and After First-Second Stage Separation

Rate gnd attitude errors in the pitch and ysw planes were egsentially zero prior
to stage I/Il separmtion, The roll rate and attitude error before separation

were close to mean welues. Figures heh and 4-5 show the rate and attitude error
changes during separa.i:ion were very slight indicating a smooth separation event.

4,1,2 First Stag= Contrel System Response

4,1.2.1 Vehicle Bemding

The shock of liftoff excited tﬂe first and possibly the second bending mode.
Figure 4-6 shows the pitch and yaw angular rates while Figure 4~T shows the

DAC outputs followimg 1liftoff, Second mode bending oscillations can be
observed in the angular rate data. Due to the heavy attenuation of these high
frequencies by the rate and attitude feedback digital filters, the DAC output
trace shows only the first mode oscillations. As opposed to mosti DIGS missions,
the first mode oscilllations were larger in yaw than pitch and were gquite mild,
The first bending fireguency was 2.3 Hertz st liftoff while the predicted was
2,0 Hertz. The second mode frequency was L.S5 Hertz compared to 4.3 Hertz
predicted. During wernier engine solo, sterting immediately after MECO, bending -
transients were obsewved im pitch and yaw., The DAC output transients shown in
Figure L-8 include ffirst bending mode oscillations at 4.8 Hertz versus the pre~
dicted frequency of 4.4 Hertz. Similar bending mode oscillations have been

seen on prior missioms and cause no problems to the control system,

4,1.2.2 Pogo Resonemce

Just prior to MECO, Pogo resonance effects sensed by the rate gyros were sbout
2 deg/sec pesk-to-peak in rell and about 1.5 deg/sec pesk-to-peak in pitch snd
yaw (Figure kL), The Pogo resonant frequency was approximately 19 Hertz.
Pogo resonance also- occurred earlier in flight (T+11£0 seconds) as shown in
Figure L=9. The resonant frequency at that region of time was sbout 21 Hertz,
Note that as expected, atfitude error history of that figure show no trace of
these high frequency oscillaticns,
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4,1.2,3 Roll Limit Cycle

Roll limit cycling was observed in the attitude error, rate and vernier engine
position traces from solid drop until MECO. The rate and attitude error
histories of Figure L~9 show that the oscillations were at a frequency of
(/35 Hertz, Peak-to-peak smplitudes were approximately 1.0 degree per second
in rate and 0.5 degree in attitude error. The limit c¢ycle is due to the non-
linearities in the vernier engine linkage and actuaior combined with DAC
granularities. All past DIGS flights have exhibited this limit eycle,

h,2 SECOND STAGE

The second stage control systems maintained stability and satisfactorily
controlled the vehicle throughout povered and coast phase flight,

4.2,1 Second Stage Statistical Record

Table L-2 provides a compilstion of some of the control system characteristics
of this flight. )

4.2,1,1 Second Stege Thrust Misalignment

At ignition, all attitude errors and body rates ss well as pitch and yaw thrust
misalignment for the SS5PU were well within one-sigma of the meen values recorded
for the TRW second stage, An. increase in pitch thrust misalignment at SECO 1
over that observed at ignition was cbserved., However, these (ss well as yaw)
misalignments were less than one standard deviation from the mean-values, Engine
positions required to counter the disturbing moments generated‘by the thrust
misalignment errors are shown in Figures L.10 and 4-11 for the first ignitiom
and cutoff times, respectively., As was done for the first stage engine, data
from prior TRW missions and the mean values are also shown., Note that-based

on 1b samples, there exists a general tendency of increesed misaligmment effect
at SECO compared to engine ignition, -

4,2.1.2 Roll Impulse at Fairing Jettison

The roll impulse imparted to the second stage by the gucceséful separation of
the fairing was 0.99 foot-pound-seconds clockwise looking forward. The induced
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roll rate transient was +0.15 degree per second. This roll impulse was within
cne-sigma deviation from the mean value, Figure 4-12 presents the relative
sequencing of roll attitude error and rate transients with roll control Jet
activations and triaxial accelerator excitations, Despite an apparent second
excitation of the triaxial accelerometer, the lack of the usual high frequency
content in this datsa plus the enalysis of the Jet actusiion and body roll rate
data made vehicle recontact by a falring section doubtiul., l

4.2.1,3 Powered Flight Roll Moment

From the control Jet actuation‘data, the gas impulse used to counter the
external roll moments induced during second stage engine burn was 28 lb-sec.
This impulse was calculated using an assumed Jet on-time of 13 milliseconds
for a 20 millisecond "on" signal., Shortly after ignition, a clockwise external
roll moment developed., This moment changed direction at T+340 seconds and
remained counterclockwise uwntil SECO, The average roll moment was about oné
sigma higher than the mean for light gquartz nozzle liners.

4,2:1.4 SECO Transients

Pitch and yaw switchlines with 0.5 degree deadzone were used &t second engine
first cutoff. In the roll axis, switchlines with a deadzone of 6.5 degrees
were used, Impulse usage to redﬁce or meintain attiiude errors within the
switchlines were within one-sigms deviations from mean values for the pitch

and yew axes, The wnusually large roll rate transient (1.6 deg/sec) is
attribuﬁgd to the absence of a rate deadzone of the spinup switchlines. The
“roll impulse was about two-sigma higher than the mean value for 20 data samples,

4,2,1,5 Ratio of Actual to Predicted Acceleration

The roll-pitch oriemtation meaneuvers for sun shielding (see Figures 413 and'
hhlﬁ) were used to determine to actual control acceleration capebility of the
vehicle in the.tvo planes. During the zeroing of the roll rate command, a two~
jet, full-on condition preveiled, During this period, the roll accelefatioﬁ wasg
2.08 deg/sec2 vhich was almost exactly the predicted nominal., For a similar

, jet full-on period, the pitch acceleration was 0,48 deg/sec2 (T percent

4.5



higher than the predicted nominal). The actual value calculations were based
on nominal thrust and mass property conditions. These accelerations are within

one-sigma deviations of the meen achieved-to-predicted acceleration ratios.

h,2,2 Coast Control Systenm

k,2,2.1 Coast Control System Impulse Usage

Figure L4-15 shows the C0S-B coast control system impulse usage as a function
of time, The predicted mean and three-sigma higﬁ usage from Reference lL-l are
also shown., Actual usage was much less than that of the predicted mean through
third—stage separation. The actual impulse usage (solid curve) was computed by
using the combination of observing the achieved body rates (PCM data), NTOT
(software data of total jet firing counts) and nitrogen bottle pressure data.
The primary source of the difference is the much lower gas actually used for
the convergence to the fine switchlines at SECO 1 and for the coast guidance
periods, Predictions assumed ultra conservative rate commands corresponding to

the pitch snd yaw rate ledgés for these events,

%./2.2.2 Coast Control Limit Cyeling

Periods of coast control limit cycling was observed at varicus times of flight.'
Closed loop limit cycles Just prior to stage II-III separation were present in
the pitch and yaw axes. The frequencies of the 11ﬁit‘cycles vere about 0,07
Hertz. Open loop (without guidance) limit cycles developed shortly after the
second burn of the second stage engine, These frequencies appeared. to be more
than an order of magnitude lower (0.003 Hertz) than those with guidance,

4,2.2,3 Pogo Resonance

On COS-B, the propulsion fuel manifold system was Af a modified configuration.
About 150 seconds after second.stage engine ignition, pogo resonance started to
develop, By T+h25 seconds the resonance grew to 1 deg/sec peak-to-peak in yaw
and roll whereas in the pitch axis, the magnitude was about 2 deg/sec, The
frequency initielly was azbout 100 Hertz and increased with time to 130 Hertz.
From F/M data, peak magnitudes were obser&ed when the resonance was at 125 Hertz.
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Figure L-16 shows the effects of foldback due to the difference between the
increasing pogo resonant frequencies and the telemetry data sampling rate of

25 per second, Note that, as expected, none of the high frequency oscillations
ure observable in the filtered attitude error data of Figure k=17, The resonance
did not hamper satisfactory second stage operation and subsequent successful '
mission completion.

4,2,2.% Third-Stage Separation Transients

Angular rate and attitude error transients were cbserved in all axes following
third stage spinup and separation {Figures 4-18 and 4-19)., The roll transients
are Que to: (1) the impulse required to break the spin table retention cord,
(2) the roll-controle-moment correction effect, and {3) the spin table bearing
frietion. This friction increases when the spin table petals fully open at
the height of the spin and the -crush blocks make contact with the spin rockets,
The shock of the contact and of the detonation of the separation bolts cause
the pitch and yaw transients shown on the figures. Also shown in the figures
are rate and attitude error transients resulting from impingement effects due
to third stage engine ignition.

The spin rate was L7.1 rpm versus the predicted 45.7 rpm. To counter the
disturbing moments and suppress the separsastion tranéients, a total gas impulse
of 73 pound-seconds was used. The above transients and gas usage were sinilar

to those achieved on prior missions and caused no problem to the control system.

4,2.2.5 Experimental Restart

An experimental restart of the second stage engine was performed. Data dropout
.Guring most of this flight perfoé made a thorough analysis impossiblé. This
burn commenced after about 16 seconds of ullaging and continued on to fuel depletion
sbout 29 seconds later. One cycdle of an oxidizer tank sloshing oseillation
occurring jJust prior to SECO 2 was cbserved. The oscillation frequency was
sbout 1,5 Hertz (predicted was 1.4 Hertz). Oscillations like these for the

ated second stage in the powered flight mode were observed on prior

ons and are not detrimental to the satisfactory performence of restart
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guidance, After SECO 2, the desired switchover to pitch and yaw bang-bang
control was clearly evident from flight data. The SECO 2 transients of the
depletion burn were relatively mild. A gas impulse usage of 2.3 lb-sec -was
spent during the burn for control moment purposes,

4.3
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TABLE b-1
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PARAMETER FLIGHT VALUE MEAN DEVIATION  IIUMBER
Thrust Liftoft Pitch .15 deg -.13 .09 10
Misalignment Yaw .70 . deg A5 .29 10
Thrust MECO Pitch .18 deg .16 .09 11
Misalignment Yaw .54 deg <38 .20 - 11,
Peak Attitude Pitch .85 deg .12 87 13
Exrror Yaw 1.0 deg .2k .B6 13
Maximm  [Roll .62 deg .20 .58 10
Peak Rate Aero Pitch -1.2 deg/sec| 1.1 16 13
Y aw £ 95 deg/sec .10 L6h 13
Moment, Holl .8 deg/sec .36 U5 10
Peak Engine " {Pitch -1,15 deg 1.5 1,b 13
Deflection Region Yaw ~1.k7 deg -.13 | 1.6 13
{Roll 8.k deg -3.1 11.6 10
Lifttoff oho ft-1b 59 252 17
Fauivalent
Roll Max Q =959 t-1b 209 1315 9
tioment .
{(Externel) MECO 210 ££-1b 192 121 13
Vern. Solo 55 ft-1b 1k 17h 13
Peak Vernier Vernier Piteh -.18 deg 1.7 2.7 12
Fngine Solo Y ar -11 deg{ -1hL.6 5.5 12
Deflection Roll -3,8 deg 61 2,1 13
Maximum Guidance [Pitch -.75 deg/see -,T8 .31 13
Guidance Initiation [Yaw -.20 deg/sec -.0022 .20 i3
Rate Command
Attitude Pitch 0 deg 1L,0073 L0k3 i5
Error MECO Yaw 0 dep .021 .030 15
Plus Roll «35 deg .058 .30 15
8 Sec -
Rate ~{Before Pitch 0 deg/sec -. 0003 . 0090 15
Separatiom}Yaw 0 deg/sec -,0007 .0026 15
oll .15 deg/sec -.043 .18 15
Rate Change First- Pitch 02 deg/sec L0085 .56 15
Due To Second Yaw - deg/sec AANG2 a7n 15
Eeparation Separatiom [Roll ‘0’ deg/sec 011 .18 15
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TABLL b2
SECOND STAGE CONTROL SYSTEM PARAMETERS
C0s-B
TIME OF STANDARD SAMPLE
PARAMETER FLIGHT VALUE MEAN DEVIATION NUMBER .
Attitude Pitch .10 deg .69 1.1 14
Error Second Yaw .20 dep .06 .21 1k
Stage Tioll 1,25 defr L 05 LT2 1h
Rate First Pitch o) dar/see .26 .38 1k
Ignition | Yaw 0 der/sec L 00 12 14
Roll .15 depr/sec .00 .09 1k
Thrust Second .
Misalignment |} Stage Pitch -, 28 deg -, 30 .15 1h
First Yaw «33 deg .34 079 1k
Ipnition .
Thrust SECO 1 Pitch - 10 deg - 1D .18 1h
Misalipgnnment Yaw .33 deg A .10 1k
Roll Fairing ’
Impulse Jettison .99  ft-lb-sec --71 3.28 12
‘Average
> Powered .
External X -.32 ft-1b -.15 L7 8
Roll Moment | TLiERY
Average
«External Roll| -o¥ered .32 £t-1b .21 .11 8
Flight
Moment ]
Roll Gas Powered 13.1 lb-sec T.7 k.1 8
Usage Flight 100 sec
SECO SECO SECO # 1 2 3 1 1 2 .
Impulse Pitch | 7.3 - - 4.2 10.2 11
Yaw 3,2 |. = - 1b~sec 8.9 5.7 - 11
Roll 13,7 1 = I = 1.k .21 - 20
Ullage
Moment Prior to N/A lb-sec - - -
Disturbence Restart sec .
Impulse
Ratio of
Actuael to Pitch 1 n7 . 1 1 1
Predicted Coast Yaw ) N.D. LI .13 2
Phase - - -
Angular Roll .99 1.1 oL5 8
Acceleration ° ‘
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I POOR QUALITY] SECTION 5

ELECTRONICS SYSTEM - COS~-B

5.1 FIRST STAGE PERFORMANCE

The first stege event times for the COS-B flight are tabulated in Table 5-1
and are satisfactory. The first stage electronics system voltages are tabu-
lated in Teble 5-2 and are normal. The first stage electronics system per-
formed normally throughout thé period of first stage operation except for the

instrumentation anomaly indicated in subsection 5.3

5.2 SECOND STAGE PERFORMANCE

The second stage event times for the COS-B flight are ftabulated in Table 5-1
and are satisfactory. BSecond stage electronics system voltages and steady-
state parameters are listed in Table 5-3 and are normal. Table 5-4 tabulates
sequence times obtained from PéM data which indicates the guidance computer
discrete output activity. The second siage electronics system performed
normally throughout the flight except. for the instrumentaticn anomaly indi-

cated in subsection 5.3

5.3 ANOMALIES

5.3.1 First Stage LOX Pump Inlet Pressure - FM1l-0Q

The LOX pump inlet pressure transducer returned data until approximately 75
seconds at which time the unit failed. The transducer is located in the LOX
pump inlet elbow and has repeatedly failed in this position. Due to the re-
peated failures in this position, a change has been implemented to relocate
the transducer to the LOX Accumulator for all vehicles. The relocation did

not carry CO0S-B effectivity.

5.3.2 Second Stage Thrust Chamber Pressure - FM21-09

The Second Stage Charber Pressure nmeasurement indicated a 50 second duration
pressure transient beéinning gpproximately 25 seconds after second stage ig-
nition. Analysis of other propulsion parameters revealed that the chauber
preséure conld not respond as the data indicates. Analysis indicates that
the transducer is probably being a’fected by & thermal gradient.

R-1
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TABLE 5~1

SEQUENCE OF EVENTS - COS~B

SYSTEM RESPONSE

KOMINAL
EVENT TIME ACTUAL TIME # TIME § . PARAMETER

IGNITION ARM, ~0,900 ~1.1h N/A . N/A

SETS #2 & #3

IGNITION CMD. «0,200 ~0.38 , ~0.35 CHAMBER PRESS.,
SETS #2 & #3 ’ '

TM LIFEOFF IND.  ~ememeee -0.18 | N/A N/A

ACCEL. SENSE 0.000 -0.199 N/A N/A

FEEDBACK GAIN 38.000 37.384 N/A N/A

CHANGE

IGNITION, SET #1 .39.000 38.97 39,07 CHAMBER PRESS.
SEP. CMD, SET #1 87.000 87.34 87.39 CHAMBER PRESS.
SEP. CMD, SET #2 87.000 87.3h 87.37 , CHAMBFR PRESS.
SEP. CMD, SET #3 87.000 87,33 | 87.37 CHAMBER PRESS.
FUEL FLOAT SWITCH =~ wmeeee 217.555 N/A N/A
. LOX PIOAT SWITCH. —  semecee 220.285 | ‘ N/A N/A

MECO ENABIE 22h,061 .222.32 N/A N/A

FUEL LEVEL SENSOR pok.061 222,305 . N/A N/A

BABLE
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TABLE 5-1 (Continued)

SEQUENCE OF EVENLS - COS-B

SYSTEM RESPONSE

NOMLEAL :
EVENT TIME ACTUAL TIME # TIME # : 'PARAMETER
MECO 228,061 226,835 * ME CHAM. PRFSS,
DECEL. SENSE f/#. 227,281 N)A N/A
VE ENABLE/ME SRR /4 227.31 227.35 ME POSITION
LOCKOUT :
ARM STAGE II BUS 7 © 227.33 N/A N/A
" PRESS TANKS-ON 230.061 R 229,83 229.86 HEL. REG, PRESS.
VECO 234,061 233,805 233.94 CHAMBER PRESS,
STAGE I/IIISEP. 236.061 235.83 235,88 : RELAY DEACT,
-REMOVE SEP. DISCRETES 2h0.061 239.85 N/A N/A
SPART STAGE II | 243,061 240.811 241,101 CHAMBER PRESS,
ACCEL SENSE . ::f/f 241,181 N/A N/A
FAIRING UNLATCH 270,000 269.33 N/A /A
FAIRING SEPARATION 271.000 | 270.35 270.35 SEP. MONITOR CKT.
FAIRING UNLATCH OFF 271,000 270.32 N/A N/A :

FAIRING SUP. OFF 273,000 272,34 N/A N/A



4]

BECO I

DECLEL SENSE
HYD. I"UMP Orr
CDR OFF

SPIN ROCKETS/3RD

STAGE IGNITION T.D.
3RD STAGE WIRE CUTTERS
SPIN ROCKET CMD OFF

WIRE CUTTER CMD OFF

STAGE IY/ILII SEP.

FIRE RETROS

REMOVI SEP. DISCRETE

RETRC CMD OFF
HYD PUMP ON
INIT, ULLAGE JETS

ENGINE RESTART I

NOMINAL
TIME

531.075-
#H

##‘
592.075

3027.000

3028.000
3028.000
3029.000
3029.000
3029,000
303l1.000
3031.000
3199.000
3205.000

3220.000

TABLE 5-1 {Continued)

SEQUENCE OF EVENTS - COS-B

ACTUAL TIME #

530.563
530.873
530.92
N/A

3025.30

3026.29
3026.29
3027.33
3027.32
3027.29
3029.30
3029.32
L0S

3203.32

108

SYSTEM RESPONSE

TIME #
530.723
N/A
531,14
590.32

3025.764

N/A
3026.29
N/A
3027.294A
3027.31
N/A

N/A

'1OS

3203.314

I0S

PARAMETER
CHAMBER PRESS.
N/A

HYD, SYS. PRESS.
CDR AGC

SPIN RATE SWITCH

N/A

ENG, BATT. CUR.

K/A

TRIAXIAL ACCEL.

HEL. REG. PRESS.
N/A

N/A

HYD. SYS. PRESS,
No REG. PRESS.,

CHAMBER PRESS.
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TABLE 5-1 (Continued)

SEQUENCE OF EVENTS - COS-B

SYSTEM RESPONSE

NOMINAL
EVENT _TIME ACTUAL TIME # TIME # PARAMETER
ACCEL SENSE i 1.0S N/A © N/A
ULLAGE JETS OFF 3221.000 s . LOS N, REG. PRESS.
DECEL SENSE #u# 3250,000 3247.51h N/A : N/A
SECO IT # 3247.51h  N/A N/A



TABLE 5-1 {Concluded)
SEQUENCE OF EVENTS - COS-B

HOTES

In this report all times are referenced to DS23 which is issued by the guidance
cormputer upon sensing acceleration at liftoff. The actual zero reference time
is obtained manually from an oscillograph plot of channel FM 21-08 versus time.
The zero reference time was misread by 200 milliseconds and thus to cbtain the
true time relative to liftoff 200 milliseconds must be added to the relative
times of the data. The times in this table and Table 5-4 have been taken
directly from the dats without the 200 millisecond correction being added. The
TM liftoff indication comes from PDM 11--30 when the 1liftoff switches in the
vehicle are activated by the vehicle's motion away from the 1liftoff pins on the

pad.

# Times listed as X{.XX are from PDM data with a time resolution of
50 msec. .$imes'liéted es XX. XXX are from FM data and have & time

resolution of 10 msec.

##  These events occur due to the sensing of acceleration or deceleration.
* N/A if MECO due to fuel injector pressure switches (FIPS).

*%¥  Bvent did not oceur.

#%% SRCO II was due to a plenned propellant depletion. The SECO command

wes issued due to the sensing of deceleration.

N/&A Not aﬁplicable, An observeble system response does not {or did not)

oceur.
IOS Loss of signal, either due to noise or out of range of grounéd station.

A System response and event occur simultaneously and response time prior
to event time is due to s=mpling tine between channels durinz event

accurrence.
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TABLE 5~2

1ST STAGE SYSTEM VOLTAGES - COS-B

PARAMETER ’ NOMENAL (VDC) ACTUAL (VDC)
+5 VDC REFERENCE +5.0 + 0.1 5.00
INSTRUM, " GROUND : 0.00 + 0.1 ‘ 0.00
SOLID M(;TOI{ POL'. EXCIT. +4.5 + 0,25 L.50%
F/B PQT. EXCIT. (+)  425.0 + 1.3 25.4
F/B POT. EXCIT. (-) -25.0 + 1.3 ' ~25.2
ACTUATOR EXCIT. {+) ¥50.0 * 3.0 49.5
ACTUATOR EXCIT. (~) -25.0 + 1.5 25,0
+12.35 V BIAS +12.35 + 0,15 12.2
+10 VDC TRANSDUCER +10.0 + 0,25 9.8
~10 VDC TRANSDUCER | ~10.0 + 0.25 -10.2

% VOLTAGE ROSE TO 5.0 VDC AT SOLID MOTOR SEPARATION WHICH IS NORMAL
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2ND STAGE SYSTEM PARAMETERS -~ COS-B

PARAMATER

+5 VDC REFEREHCE
I¥STRUM. GROUND

+5 VDC POT. EXCIT.
F/B POT. EXCIT. {+)
F/B POT. EXCIT, (=)
VALVE EXCIT. (+)
VALVE EXCIT. (-)

GC LOGIC VOLTS

GC MEMORY VOLTS
IMU 1OGIC VOLIS

IMU GYRO EXCIT.
GYRO WHEEL FREQ.

IMU BLOCK TEMP,

TABLE 5-3

NOMINAL
+5,0 + 0.1 VDC
0.0 + 0.1 VIC
+5.0 + 0.1 VD¢
+20.0 + 1,0 VDC
-20.0 + 1.0 YDC
+35.0 + 2,0 VDC
-35.0 + 2.0 VDC
+5.0 * 0.3 VDC
~30 + 2,1 VDC
+5.0 + 0.5 VDC
22,0 = 2.2 VRMS
388.0 + 3.9 1%

+160 + 2,0°F

ACTUAL
5.00 VDC
0.00 VBC
5.00 vbC
19.7 VDC
~20,0 VDC
34.7 VDC
34,5 vbC
.90 VDC
-29.6 VDC
5.2 VbC
20.5 VRMS
389.0 HZ

160.4°P
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The following tobulation includes all computer discrete activity to show complisnce to the Sequence of

Events 1B9G808., This data was tsken from the PCM duata.
obtained from the PDI/FM telemetry daota with o time resolution of 10 ms (FM) end 50 ms (PDM).

The migsion times tabulated in Teble 5-1 were
The PCM

times ere listed here separately since the PCM time resolution is 0,125 seconds and would not accurately
correlate +o the PDM/FM times. This tabulation includes some events not tabulated in the PDM/FM data
duec to the limited monitoring capebility of the PDM/FM system.

Accel Sense

Peedback Shaping Network Gain Change
Enable MECO .

Decel. Sense

VE Ensble/ME Lockout

Stage 1 llydraulic Pump On (Backup)

Arm Stapge IT Ignition and
Pyrotechnie Power

Pressurize Taenks
VE Cutoff (VECO)

Blow Stage I/II Separation Bolts

Remove Stage I Discretes

Remove Separation Discretes

NOMINAL TIME

0.000
38.000

22L.061
228,061
228,061
228,061

228,061

230.061
234,061
236,061

237.061

240.061

ACTUAL TIME

~0.083
37.867
222,400
227.381
227.381
227.381

227,381

229.871.
233.903
235.919

236.868

239.952

FTUNCTION

D523

D331
ps23 off
D329

DST

. bsl2

D513
D322
D532

Ds2
Ds18

D329 Off
D530 Off
D531 Off
D332 off

DS2 Off
DS18 Off

fmg
3

g

) U

ALTVad
ST @DVd "IV

d-800 —~ VIVQ KOd - STMIL IDHINDIS
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VENT
tart Stege ITI Engine
eccel Sense

2move Tank Presgsurization and
ngine Start Discretes

airing Unlatch
airing Unlatch Off
rairing Seperation

Feiring Separation Off

BECO I

Decel Sense

Turn Off Hydroulic Pump

Engble CDR Turneoff

-

Turn Off CDR's
RACS Ennble
Remove RACS Enable

I'ire Spin Rockets & 3rd Stape
Ign Comm

Pire 3rd Gtege Wire Cutters

Remove Spin Rocket Discrete

NOMINAL TIME

2k1.061
e

242,061

270.000
271,000
271.000
273.000
531.075
#

7z

592.075

592,075

—— v

3027.000

3028,000

3028.000

ACTUAT, TTME

240.900
241.258

241,849

269.363
270,431
270.431
272 Lk7
530.625
530,981
530.981

589.448

590.397

i
¥

3025.377

3026.326

3026.326

FUNCTION

D53
pse3

Ds22 Off
D33 Ooff

DSk

DSk Off
D519
DS19 aff
D35

D523 off

DST Off
DS

DS27
DS28

Ds27 off
psly
D817 Off

D310

D511

DS10 Off

f~800 =~ VIVQ HOd - STWIL INmNdIs
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LVEN'T

_Hemove Wire Cutter Discrete

Stage II/IIT Separation Command
Fire Retros

Remove Separation Discrete
llemove Retro Discrete

Hydraulic Pump ~ On

Initiate Ullage Jets

Engine Restart #1

Mceceleration Sense

Ullage Jets Off

Deceleration Sense#### -

SECO IIx#¥

Turn Off Hydraullic Pump On
Discrete {Pwmp Remains On)

NOMINAL TIME

3029 .000
3029 .000
3029.000
3031.000
3031.000

3199.000

3205.000

3220.000
#H
3221.C00

3250.000

#

i

ACTUAL TTME
3027.393
3027.393
3027.393
3029.409
3029.409

re;

3203.387
oS

105

L0OS

3247, 743
327,62k

3247.624

FUNCTION
DS1l Off
DS15
DS1h
DS15 Off
DS1k off

DST
Ds6 off

Ds8

Ds3
DSS Off

D523

DSY
Ds8 off

D523 Off

D35
D53 Off

DST Ooff

¥¥%  SECO IT.was commanded 65 & result of sensed decelerstlon due to a plenned propellant

depletion,

#2%%° FM datae indicated the acceleration sense discrete, DS 23, went off at 3247.51Lk long enough to
command SECO II, however went on again before it could be sampled by the PCM telemetry. DS 23
went off and remained off at 3247.69L4 and was then sampled by the PCM telemetry at 3247.743

&8s being off,

g-800 - Vivd Wod — STHIL JOEANDIS

(panuTiuo)} 4S5 TIAVEL
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6.1 First Stage Hydraulic System

Hydraulic power is supplied to the six first stage gimbal actuators by a
pressure compensated variable displacement pump and an integrated accumulator/
reservoir, The hydraulic system functioned normally throughout main and

vernier engine operation. Quantitative data is presented in Tabie 6-1 and
Figures 6-1 and 6-2,

6.1.7 Supply Pressure

All supply pressure measurements were within the TRD 1imits for steady state

and transient operation, The system was supplied by HTS power at a pressure

of 2955 psia until one second before 1iftoff when the assessory drive accelerated
.the pump to 4036 RPM at T-0, The pump pressure peaked at 3268 psia, 0.45 seconds
after ltiftoff, then stabilized at 3175 psia at T + 1.5 seconds.

Supply pressure oscillations occurred from T-0.6 seconds to T-0.3 seconds in

a pump speed range of 3208 to 3587 RPM. A survey of these startup oscillations
on missions back to Skynet IIB showed that "blossoming" occurred on ail pumps
including those used with MB-3 engines. Also, the RPit at first indication of
amplitude increase varied from 1600 to 3108 while the RPM at the end of the
blossoming” varied from 3000 to 3621, Peak amplitudes measured between 175

and 240 psi peak-to-peak, Documented test results show that rescnances occur
at frequencies corresponding to Speeds of 2184 RPH to 2726 RPM, however,
resonance frequencies have been accurately recorded up to 3400 RPM (Westar A,
simulated flight test). Large datum errors are possibie when using T/M measure~
ments because of the low datum sample rate, therefore, the above flight test
results are approximations. The pump oscillations do not degrade hydraulic
system performance and overtests have verified ample margin against a malfunction
during this transient period.

The supply pressure decreased normally until MECO when it was measured at

3135 psia. The rate of decrease was 0.11 psi/second in & flight experience

band of 0.06 to 0.18 psi/second, The pressure decrease is primarily due to
decreasing oil viscosity and change in pump pressure compensator spring force

with increasing temperature. The accumulator bleeddown required 73.5 seconds
measured from first piston motion (at MECO) to the time the accumulator was

empty {supply pressure corner). The corner pressure was 1610 psia which is

the lowest corner measurement since Delta 92, and is indicative of low accumulator
precharge and long bleeddown time. A leaking accumulator fill valve was found
which had a pressure decay rate of 24 psi/day after the last of three

accumulator fill procedures had been performed at VIC, At the pre-launch slew
check 30 minutes before launch, the accumulator pressure measured 20670 psia at 92
degrees F or 1984 psi at 70 degrees F, which is below the TRD limit, but well above
the 1715 psia precharge launch redline. This is calculated to yield the observed
bleeddown corner, and an increase in bleeddown time of 5.1 seconds over the
bleeddown time with nominal precharge. The hydraulic system responded normally at this
precharge.

The reservoir began filling at T + 227 seconds (MECO) and was full at T + 234.7
seconds. The pump spun down and stopped at T + 234.2 seconds. Decompression of
the supply side of the system required 1.6 seconds.

6-1



6.1.2 Accurmulator GNZ Pressure

The average piston friction was measured at 26 psi using the differential
supply - GH2 pressures. A volume of 66.5 cubic inches of oil was transferred
to the accumulator due to the low precharge and represents an operating level
of 65 percent full, )

6.1.3 Return Pressure

Before liftoff, return pressure jis the relief pressure of the Tow pressure

relief valves and measured 233 psia on C0S-B which is nominal. At pump startup,
the relief valves closed and the return pressure went 1o a bootstrap level of

163 psia. The bootstrap return pressure permits T/M verification of the

accuracy of supply and return pressures, since they differ by the bootstrap

ratio which is nearly constant at 21.39 ¥ .04. The transient dip in pressure went
to 144 psia during startup while the low pressure relief valves were closing.

This verified the nominal response time of the valves and reservoir piston

At MECO the return pressure was 147 psia. At the reservoir full point, the
return pressure became independent of supply pressure and peaked at 220 psia,
the cracking point of the relief valves. The steady state relief pressure
during bleeddown was 213 psia. All return pressure measurements were within
TRD Yimits.

6.1.4 Reservoir Piston Position and Temperature

The piston position measurement for the reservoir full condition was measured
at 98.4 percent. At pump startup the reservoir gave up 10.5 cubic inches of
fiuid to the accumulator due to differential increase in supply pressure,

and at this point the piston position measured 93.7 percent. The piston
gradually settled to a 93 percent position at T + 90 seconds as the GHZ
temperature gradually recovered from the compression heating at pump startup.
The reservoir oil temperature had remained stable at 87 degrees since 1iftoff.
After T + 90 seconds the temperature gradualily climbed to 98 degrees at MECO
as the oil picked up compression energy from the pump.

6.1.5 Hydraulic Servo

The six servo valves and actuators functioned normally throughout flight.

The simmation of the actuator rates was a maximum at T + 16 seconds at which
time the flow was calculated to be 1,6 gpm. Therefore, no fiuid was required
from the accumulator to meet servo demands during the mission, Drift and
balance shift were well within TRD limits for all servo valves,

6.2 Second Stage Hydraulic System

The” second stage hydraulic system provides the hydraulic power for the second
stage engine gimballing and bi-propellant flow control valve actuation, The
hydraulic system corprises an electric motor dirven fixed displacement piston

6-2



6.2 Second Stage iHydraulic System - Continued

pump, and a separate precharged accumulator and precharged reservoir.
Performance of the system was nominal during the first duty.cycle from T - 45
seconds tao SECO 1 at T + 531 seconds. Recorded T/M data from the subsequent
experimental restart failed to include the pump startup transient and loss

of battery power. However, all steady state data on the run were normal.

6.2.1 First Duty Cycle

Prior to pump turn on the return pressure measyred 67 psia at a temperature of
60 degrees F, and reflects the reservoir precharge which was 3 psi above

nominal in a tolerance band of 10 psi. At turn on the supply pressure transient
peak prior to accumulator piston first motion was 915 psia interpolated between
datum points with a TRD allowable of 1135 psia, Accumulator piston first
motion occurred at a pressure of 650 psia. The steady state supply pressure

of 1100 psia was attained in 1.30 seconds, then slowly decreased to 1080 psia.
at SECO 1 due to oil heating. At turn on the return pressure decreased to a
steady state value of 49.5 psia at completion of accumulator filling.

The motor pump temperature increased from a turn on value of 60 degrees F to

194 degrees F at SEC0-I and peaked at 202 degrees F at 610 seconds. Accumulator
bleeddown required 11.0 seconds to a precharge corner of 565 psia. All
measurements were within TRD limits during the run,

6.2.2 Experimental Restart

Datum coverage started at 3202 seconds, whereas pump restart was scheduled for
3199 seconds. Usefull data amounted to 1,5 seconds during which time the
supply pressure was 1095, the return pressure 58, and the motor case temperature
125 degrees F. Data coverage began again at 3242 seconds while the hydraulic

system was operating and was lost for the last time at 3465 seconds. The system
responded normally during the restart. )

6.2.3 Hydraulic Servo

Servo valves and actuators functioned satisfactorily during both hydraulic duty
cycles., At initial pump start, the engine was snapped to zero deflection angle
for a total 0il useage of 0.9 cubic inches which was supplied by the pump

during the transient rise in pressure as the accumulator was empty at this

time. This increased.the duration of the pressure transient to 1.50 seconds in

a prior experience band of 1,0 to 1.6 seconds. Bi-propellant valve actuation
caused a dip of 80 psi in system pressure and a dip to 47 psia in return pressure,
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6.3 Ordnance and Mechanical Devices

A1l ordnance and mechanical devices functioned satisfactorily to complete a
successful launch,

6.4 Environmental Control Aerospace Ground Equipment (AGE)

A11 environmental control AGE equipment performed satisfactorily during the
countdown and launch.

6.5 Hydraulic Control Aerospace Ground Equipment

A1l hydraulic control AGE performed satisfactorily during the countdown and
launch,
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TABLE 6-1
FIRST STAGE HYDRAULIC SYSTEM
PERFORMANCE SUMMARY

CO0S-B
Time from Supply Return
Liftoff Pressure Pressure
Event (sec) - {psia) {(psia)

HTS power _ -5.0 2955 . 233
Peak pressure 0.4 3268 -
Steady state 5.0 3175 163
Solid motor separation 87 3150 150
Reference point 120 3145 148
“MECO 227 3135 147
Pump stall 234,24 2990 141
Reservoir full ' 234,76 2964 - 141
LPRV crack 234,9 2953 220
Accunulator empty 300,6 1610 213
Bleed down + 5§ sec ' 200 212
Accumulator bleed down time 73.5 seconds
Decompression time 1.6 seconds
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FIGURE 6-1 COS-B FIRST STAGE HYDRAULIC SYSTEM PERFORMANCE
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TABLE 6-2

SECOND STAGE HYDRAULIC

'SYSTEM PERFORMANCE SUHMARY

Event

Prior to pump on
" Pressure knee
Steady state
Liftd%f

At engine ignition
SECO-1

. Accumulator empty
Prior to restart
Pressure knee
Steady state
SECO-2

Accuﬁulator bleed down time
(1st cycle)

Accurmulator bleed down time
(restart)

C0S-B
Time from Supply Return
Liftoff Pressure Pressure
(sec) {psia) (psia)
=46 60 67
-45.4 680 -
~40 1100 (actual) 49.5
0 1100 53
241 1090 59/47
831 1080 62
542 565 87
Data not available ‘
Data not available
3203 1095 58
3247.5 1090 57

6-8
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Attachment T to:
A3-262-AMO0-MT5-509

Section 7

STRUCTURAL SYSTEMS - COS-B MISSION

7.1 STRUCTURAL PERFORMANCE

The C0S-B first and second stage and fairing structural subsystems and
associated components satisfactorily provided the launch vehicle with the
strength and rigidity required to withstand all design conditions during han-
dling and throughout ali phases of the flight. A secondary transient was
noted during fairing jettison. Reference T00164, "Fairing Separation and Roil
Moment", unreleased at this time. A second stage POGO was noted and will be
coverad by T00166, “COS-B Anomaly Investigation", unreleased at this time.

7.2 VIBRATION MEASUREMENT DATA

Vibration data analysis results for COS-B will be documented under separate
cover at a later date.

7.3 WEIGHT DATA

Actual inflight weight data for the C0S-B launch vehicle and its various com-
ponents are provided in Table 7-1. Included in this table are actual dry
weights, propellant Tiftoff weights and densities, and pressurization and con-
trol gas weights.

7.4 SUPPORT EQUIPMENT AND FACILITIES

A11 support equipment performed satisfactorily during countdown and launch.
Damage to the facilities at Launch Complex SLC 2W at the Vandenberg Test Cen-
ter was light. Recycle time to support the next launch was normal.
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TABLE 7-1
FINAL POST FLIGHT WEIGHT SUMMARY
C0S-B CONFIGURATION 2913

ITEM WEIGHT (LBS)

_WEIGHT (LBS)

1. THIRD STAGE USEFUL LOAD 681.81
‘C0S-B Spacecraft 614.15
Payload Attach Fitting, MDAC 63.31
Mods and Telemetry
Ballast 4.35
2. BURNED QUT THIRD STAGE (TE-364-3 129.69
S/N 00025)
3. THIRD STAGE BURNOUT 811.50
4. PROPELLANTS AND INERTS CONSUMED 1,450.64
5. THIRD STAGE IGNITION 2,262,164
7.  SPINTABLE ASSEMBLY DSV-3E-17C 214.83
{S/N 20236)
8. SECOND STAGE USEFUL LOAD 2.,476.97
g. DRY SECOND STAGE - DSV-3P-4B 1,815.47
(S/N 20020) (LESS 8.0 LBS.
ABLATIVE EXPENDABLES)
10.  TRAPPED PROPELLANTS 1 29.34
Fuel 5.24
Oxidizer (Liquid) 11.10
Oxidizer (Vapor) 13.00
11. HELIUM (2 BQTTLE SYSTEM) 20.34
12.- MNITROGEN RESERVE - 1 BOTTLE SYSTEM 18.25
13. PROPELLANT RESERVE 778.40

Fuel 288.04 -

Oxidizer 490.36
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TABLE 7-1 (CONTINUED)

FINAL POST FLIGHT WEIGHT SUMMARY
COS-B CONFIGURATION 2913

73

ITEM WEIGHT (LBS) WEIGHT (LBS)
22. NITROGEN USED DURING COAST AND 4.85
FIRST BURN ’
25.  SECOND STAGE ENGINE CUTOFF - 5,143.62
FIRST BURN
. & 26. STOP TRANSIENT & TCA BOILOFF 11.72
Fuel 5.10
Oxidizer 6.62
23.  ABLATIVE EXPENDABLES 8.00
27.  PROPELLANT CONSUMED 9,238.02
Fuel 3,575.54
Oxidizer 5,662.48
28.  FAIRING DSV-3P-7A (S/N 20023) ' 1,305.00
29.  START TRANSIENT 2.31
Fuel .62
Oxidizer 1.69
30. SECOND STAGE IGNITION 15,708.67
"31.  FIRST TO SECOND STAGE ADAPTER - 986
DSY-3P-2A (S/N 20019)
32.  DRY BOOSTER DSV-3P-TA (20020) 8,948
(602)
33, © TRAPPED PROPELLANTS AND GASES 670
Fuel 142
Liquid Dxygen 70
Gaseous Oxygen 335
Gaseous Nitrogen 117
FABU Lube and/or Fuel 6



TABLE 7-1 (CONTINUED)
FINAL POST FLIGHT WEIGHT SUMMARY
C0S~B CONFIGURATION 2913

ITEM WEIGHT (LBS) WEIGHT {LBS)
34, RESIDUAL PROPELLANTS 282
Fuel 282
Liquid Oxygen 0
35,  RESIDUAL VERNIER PROPELLANTS 54
Fuel (Includes 18 pounds vernier 25
refiil)
Liquid Oxygen (Includes 12 pounds 29
vernier refill)
36. VERNIER ENGINE CUTOFF 26,649
37. VERNIER PROPELLANT CONSUMED 44
Fuel 16
Liquid Oxygen 28
38. MAIN ENGINE STOP LOSSES 140
Fuel 47
Liquid Oxygen - 93
39. MAIN ENGINE CUTOFF 26,833
40.  LIQUID PROPELLANTS CONSUMED 175,388
Fuel 55,590
Liquid Oxygen 119,798
41, LIQUID PROPELLANTS & GASES VENTED 364
Fuel Overfiow : . 8
Liquid Oxygen Overflow - 29
Gaseous Oxygen Vented 327
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TABLE 7-1 (CONTINUED)

FINAL POST FLIGHT WEIGHT SUMMARY
€05-B CONFIGURATION 2913

ITEM

WEIGHT (LBS)

WEIGHT (LBS)

42, SOLID MOTOR CASES (6) (FIRST BURN) 9,530
Solid Motor Cases (6) 8,797
MDAC Modifications 413
Cork Insulation 320
43. SOLID MOTOR CASES (3) (SECOND 4,725
BURN) .
Solid Motor Cases (3) 4,373
MDAC Modifications 207
Cork Insulation 145
44,  SOLID MOTOR PROPELLANT & INERTS 49,591
CONSUMED (6) (FIRST BURN)
Propeliants 49,233
Inert Loss During Burning 358
‘45,  SOLID MOTOR PROPELLANTS & INERTS 24,837
CONSUMED (SECOND BURN)
Propellants 24,652
Inert Loss During Burning 179
Pyrogen 6
47.  SOLID MOTCR NOZZLE PLUGS (3) 22
(SEOND BURN)
48. LIFTOFF 291,290
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TABLE 7-1 (CONTINUED)
FINAL POST FLIGHT WEIGHT SUMMARY
COS-B CONFIGURATION 2913°

PROPELLANT DATA

ITEM WEIGHT (LBS) DENSITY (LBS/FT3)
FIRST STAGE
Oxidizer in tank at 1iftoff 120,501 70.589
Fuel in tank at liftoff 55,898 50.496
SECOND STAGE
Oxidizer loaded 6,185.25 190.843
Fuel loaded . . 3,874.54 56.504
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Attachment 8 to:
A3—262—AM00—MT5—509

Section 8

RELIABILITY

The reliability point estimates and 90 percent lower confidence limits for
the various Delta vehicle configurations flown to date, considering 113
flights, are furnished in Table 8-1. The indicated relisbility point esti-
mate values were cbtained by dividing the number of flight successes by the
total number of flights., Using these values, applicable standard probability
tables were then utilized to obtain the 90 percent confidence limit values

that are shown.
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Table 8-1
RELIABILITY SUMMARY (C0S-~B)

Reliability 90% Lower
Point Confidence
Item Trials Failures Estimate Limit
Complete Vehicle
Delte 38 3 0.921 0.833
Improved Delta 26 0 1.000 0.915
Long Tank Delta 29z 5 0.828 0.704
Extended Long Tank Deltsa 20b h 0.950 0.819
Total Vehicles 113 9 0.920 0.877
First Stage Booster
Thor &4 0 1.000 0.965
Long Tank Thor 29a 2 0.931 0.827
Extended Long Tank Thor 8b 0 1.000 0.750
RrRS-27 (E.L.T.) 12b Q 1.000 0.825
Total Boosters 113 2 0.982 0.954
Second Stage
Delta 38 1 0.97h 0.901
Improved Delta LBe 1 0.979 0.921
Transtage Delta 12 2 0.833 0.614
SSPU (TRW) 13 0 1.000 0.838
Total Second Stages 111 Y 0.96k 0.929
Third Stage Motor
X-2LB Motor 224 1 0.955 0.83%4
X258 Motor 18 1 0.9kk 0.801
FW-4D Motor 214 0 1.000 0.896
TE-364-3 Motor 17e 1 0.941 0.790
TE-364-4 Motor 10 0 1.000 0.794
Total Third Stages 88r 3 0.966 0.926

a. Long Tank Thor/Delta:

b. Extended Long Tank Thor/Delta:

Includes four six-solid-motor booster configurations
{I1MP-I, TIROS-M, IT0S-A, ITOS-B) and two nine-selid-motor booster configure~
tions (ERTS-A, NIMBUS-E).

Includes three three-solid-motor booster con-

figurations (SKYNET-IIA, SKYNET-IIB, IT0S-G), one four-solid motor booster
configuration (GEOS-C), two six-solid-motor booster configurations (IMP-H,
IMP-J), and fourteen nire-solid-motor booster configurations (TELESAT-A, AEC,
TELESAT-B, RAE-B, WESTAR-A, WESTAR-B, SMS-A, SYMPHONIE-A, ERTS-BE, SMS-B,
TELESAT-C, NIMBUS-F, 0S0-I, and C0S-B).

Twe improved Delts vehicles were not considered trials.

d. One motor of this model was not considered a trial.

e. One motor of this model was not considered a trial, and the one flown on the
INTELSAT-III-E mission (Delto Program Mission No. 71} was considered a failure.

f. Twenty-two launch vehicles did not have a third stage.
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Atfachment 9 to:
A3-262-AM00-MT5-509

Attachment 9

DEFINITIONS OF PERFORMANCE PARAMETERS
[TARLES 2-L THROUGH 2-6 OF ATTACHMENT 2 (SECTION 2)]

This attachment provides the performance parameter definitions on which the
values given in Tables 2-U4 through 2-6 of Attachment 2 (Section 2) are based.

9.1 First Stage

First stage performance parameters for the liquid engine system and for the

so0lid motors are defined in the following parsgraphs.

9.1.1 Liguid Engine System

Parameter

Average Altitude Thrusti:
Avérage Vacuum Thrust:

Average Altitude Effective
Specifie Impulse: ’

Average Vacuum Effective
Specific Impulse:

Propellant Utilization:

g.1.2 Solid Motors

Poarameter

Average Altitude Thrust:

Average Vacuum Thrust:

Definition

The liquid engine thrust for altitude
conditions averaged from liftoff to MECO.

The liquid engine.thrust for vacuum
conditions averaged from lifteff to MECO.

The liquid engine effective specifie
impulse for altitude conditions averaged
from liftoff to MECO.

The liquid engine effective specific
impulse for vacuum conditions averaged
fram liftoff to MECO. '

The ratio of the weight of propellant
consumed during steady-state burn (from
liftoff to depletion at MECO) to the
veight of totel propellant available
for the steady-state burn.

Definition

The total thrust of the solid motors
for altitude conditions averaged from
liftoff to burnout.

The total thrust of the solid motors

for vacuum conditions averaged from
liftoff to burnout.
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Aversge Altitude Specific
Impulse:

Average Vecuun Specific
Impulse:

9.2 Second Stage

The specific impulse for altitude con-
ditions averaged for the so0lid motors
from liftoff to burnount.

The specific impulse for vacuum con-
ditions aversged for the solid motors
from liftoff to burnout.

Second stage performance parameters are defined as follows:

Parsmeter

Average Thrust (ACC):

‘Average Thrust (Pe):

Average Specific Impulse {ACC):

Average Specific Impulse (Pc):

Propellant Consumption:

Propellant Utilization:

Definition

The thrust of the second stage enhgine
averaged from start* to SECOM. The
reconstructed value is based on a flight
kinetic reconstruction using DIGS accel-
eration, flow rates, and actual vehicle
weight data.

The thrust of the second stage engine
averaged from start® to SECOM. The
reconstructed value is based on a pro-
pulsion reconstruction using chamber
pressure {Pc), flow rates, nozzle throat
area, thrust coefficients, and acceptance
test data.

The specific impulse of the second stage
engine averasged from start* to SECOM.
The reconstructed value is based on the
flight kinetic reconstruction.

The specific impulse of the second stage
engine averaged from start® to SECOM.
The reconstructed value is based on the
propulsion reconstruction,

The ratio of the weighi of propellant
consumed during steady-state burn (from
start®* to SECOM) to the weight of total
propellant available for & steady-state
burn.

The ratio of the weight of propellant
that would have been consumed during
steady-state burn if the engine had
burned to depletion to the weight of
the total propellant available for a
steady-state burn.

¥Start and restart are defined as the tlme at which chamber pressure

reaches a steady-state level,
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Attachment 10

VEHICLE PERFORMANCE TELEMETRY PLOTS - CCS-B MISSION

A series of telemetry plots relating to C0S-B launch vehicle inflight
performance is furnished in this attachment. Included are all-of the PDM
and M dataj; the first~stage plots cover the period from -300 seconds to
500 seconds (pages 10-6 through 10-29); the second-stage plots cover the
period from -300 seconds to 3,600 seconds (pages 10-30 through 10-59);
and the third stage plots cover the period from -300 seconds to 3,600
seconds (pages 10-68 through 10-T3}. Also included in this attachment are
data for fourteen selected PCM chamnels from the second-stage T/M; the
PCM data plots cover the period from -300 seconds to 3,600 seconds (pages
10-60 through 10-67). An index to the PDM, FM, and PCM data plots is
provided on pages 10~2 through 10-5 of this attachment.
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SEQUENCE NO,3 S,M, SEY ND+3
SEOJENCE ND,6 S,.M, SEY NO.2
ENGINE PNEUMATIC BOTTLE PRESS
ACTUATOR EXCITATION (POS)
SEOUENCE NO,7 S,M. SET NOst¢
SEGUENCE NO,%

S50LID MOTOR NO,1 CHiMBER PRESY
SOLID MOTOR NO,2 CWAMBER PRESS
SEOQUENCE NO,8 S.M. SET ND41
MAIN FUEL TANK TOP PRESSURE
SOLID MOTOR Np,3 CHAMBER PRESS
LGX TANK TGP PRESSURE

SOLID MOTOR NO,9 CHAMBER PRESS
5 vOLT REFEAENCE
INSTIUMENTAT{ON GROUND

FUEL PUMP INLET TEMPERATURE
MAIN ENGINE CHAMPER PRESSURE

GG COMBYUSTION TEMPEQATURE

GG LOX [NJECTQOR PRESSURE

LOX PUMP INLET TEHPERATURE
12,35 YOLT BIAS

VeEe NO.3 WOUSING TeMPERATURE
VeE, NO,2 WDUSING TRMPERATURE
M.Ey PITCH ACTUATOR TEMPERATURE
AIR CONDITIONING INLET TEMP
SKIRT SECTION TEMPERATURE
CENTER 800Y SkiIn TEMPERATURE
KyEy PITCH SERVO DIFF. STIGNAL
vE 1 PITCH/ROLL SERVD DIFF SGNL
VE 2 PITCH/ROLL SERVO DIFF SGNL
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200
207
207
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293
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VE 2 YAW SERVD PIFF, S1GNAL

+«in VOC TRAKSDUCER POWER

=1p VOC TRANSDUZER POWER
HYDRAULIC ACCUuM TEMPERATURE
HYDRAULTC ACCUM GN? PRESSURE
HELIUM BOTTLE PRESSURE

CENTER 80DY AlR TENPERATURE
THRUST CHAMBER DOME DX1D PRESS
LUBE EYSTEM PRESSURE

GG FUEL INLET PRESSURE

THAUST CHMBA DOME FUEL INJ PRESS
POGO NO, 2 LOX ACCUHULATOR TEMP
POG0 NO, 1 LOX ACCUMULATOR TEMP
5 yOLT ABSOLUTS

INSTRUMENTATION GROUND

YAU SUHMING su4r pUTPUT

VALVE EXCITATION (PnS)

EVENT GROUP Np,1

VALVE EXCITATION (NEG)

GiCy LOGIC VOLTAGE

ROLL/PITCH JBT ACT - SECONDARY
PITCH AcTuzroR POSITION

?Da NGOy 1 j@C

RU SLOOK TRAPORATURE

ENOIRE BATTZRY 'GURAENT

YAN ACTUATOR PaS!TIgH

EVENT GROUP NO, 4

EYENT GROUP NO,S

NITROGEN BOTTLE PRESSURE

5 YOLT POT ExciTaTion

PITCH SUMMING aMP OUTPUYT

FITCH SERVO DIFFERENTIAL S1GNAL
QONTROL BATTERY VOLTABE
INSTRUMGNTATION BATTERY VOLTAGE
OX{DI2ER TANK PRESSURE
HYDRAULIC SYSTEH PRESSURE
FEFDBACK POT EXCITATION (PoS)
FEEDBACK POT EXCITATION (NEG)
HYD MOTOR PUNP YEMPERATURE
NITROGEN REGULATOR PRESSURE
OXIDIZER LINg YEMPERATURE
HYDRAULIC B8YSTEM RETURN PREESURE
coe N0, 2 agep

GC MEHORY vOLTage

IMU GYRO EXCIT4TION

187 STAGE ROLL CONTROL SIGNAL
BYENT QROUP ND,2

TE.Ta
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TEST ID 046619 511100 tos5-B  CRETS PLOT WO 100 REFERENCE TIME 01 47 59.795
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T000
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1000

0
-300 =200 ~100 0 100 200 300 400 500
RELATIVE TImE IN SEC

MEAS. NUMBER CHANNEL ASGN. TITLE RANGE UNITS GRID-SYNM
FM-11=-12 CF11-12 TURBOPUMP SPEED , 0 TO 100 PCT
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T ID 046619 #11000 20018 C05-B  DRETS PLOT NO 101 REFERENCE TIME 01 47 59.795
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100

80

&0

40

20 - ! 4

~300 -200 ~-100 ¢ 100 200 300 500 500
RELATIVE TIME IN SEC
FEAS. NUMBER CHANNEL ASGN. TITLE RANGE UHITS &RID-SYN
FA-11-11 CF11-11 MAIN ENGINE CHAMBER PRESSURE 0 TO 1000 PSIA
FA-11-08 CF11-08 SEQUENCE NO.1 0 T) 100 PCT
fm-11-10 CF11-10 CONTROL BATTERY CURRENT 0 TO a0 AMPS
Fm-11-07 CF11-07 FUEL DEPLETION 0 T0 100 PCT

- BV

107



TEST ID 046619 411000 20018 CO0S-B DRETS PLOT NO 102 REFERENCE TIME 01 47 59,795
500

Y400 —=———

300

200

100

100

80

. |
60 L"ri,llh'ij ‘,‘

i) | Id#‘ -
L

i

40

b

20k

1]
-300 -200 -100 0 100 200 300 500 500
RELATIVE TIME IN SEC
MEAS. NUMBER CHANNEL ASGN. TITLE RANGE - UNITS GRID-SYM
Fm-11-13 CF11-13 FUEL PUMP INLET PRESSURE 0 70 500 PSIA A
FM-11-09 CF11-09 LOX ACCUMULATOR PRESSURE 0 TG 100 PSIA B
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TEST 1D 046619 431000 20018 C05-8  DRETYS PLOT NO 200 REFERENCE TIME 01 47 59.795
6.00

1.00
9.00

3.00

A

0.00

-1.00
3.0

30.0

25.0

20.0

15.0

0.0
6.00

5.00
- J

=300 =200 ~100 0 100 200 300 400 500
RELATIVE TIME IN SEC

MEAS. NUMBER CHANNEL ASGN. TITLE RANGE UNITS GRID-SYA
POM-11-01 CG11-01 5 YOLT REFERENCE 0.00 7D 5.00 voe A
POM-11-02 cG11-02 IMSTRUMENTATION GROUND 0.00 TD 5.00 vyee B
POM-11-23 . CE11-23 CONTROL BATTERY VCLTAGE 0.¢ T0 35.0 voE - c
PIM-11-24 CG611-24 INSTRUMENTATION BATTERY vOLTAGE 0.0 YO 32.0 viC cx
POM-11-79 £611-29 <oL IR mpTRR POT EXCITATION T 0.00 TQ 5.00 voc D
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TEST 10 046619 431000 20018 Cos-B DRETS PLOT NO 201 REFERENCE TIME 01 47 59.795

30.0

25.0 — :T

5.0

0.0
~-10.0

-15.0

-20.0

~25.0
l

-30.0
-10.0
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~-20.0

i J
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-30.0
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e v o B et J;_ e B

49.0

47.0

45 .0
=300 ~200 =100 '] 100 200 300 300 500

RELATIVE TIME IN SEC

MEAS. NURBER CHANNEL ASEN. TITLE RANGE UNITS GRID-SYM
POM-11-17 Cé11-17 FEEDBACK POT EXCITATION (POS) 0.0 TO 30.0 voc A

POM~-}i~-18 tGl11-18 FEEDBACK POT EXCITATION (NEG? ~30.0 10 -13.0 voC B
Ppm-11-21 cai1-23 ACTUATOR EXCITATION (NEG) -30.0 TO -13.0 vog C
POM-11-34 CG11-34 ACTUATOR EXCITATICON (POS) 45.0 TG 55.0 vocC 0
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TEST ID 0%6619
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-10

MEAS. NUMBER
PDM-11-28
POM-11-31
POM-11-30
POM=-11-36

101

1

431000 20018 C0S-B DRETS FLOT NO 202 REFERENCE TIME 01 47 §9.795
ey
1hE
1.
T q
+H
F_1LJ-Lr
~300 -200 -100 [} 100 200 300 %00 500
RELATIVE TIME IM SEC
CHANNEL. ASEN. TITLE RANGE UNITS GRID-S5YA
CGl1-28 SEQUENCE NO.2 S.M. SET NDO.2 + 3 0 T0 109 PCT A
€511-31 SEQUENCE NO.3 5.M. SET NO.3 0 TO 100 PCT .}
cGi11-30 SEQUENTE NO.4 o 70 100 PCT C
CH11-36 SEQUENCE NOQ.5 0 T8 100 PCT D



TEST ID O%64619% 431000 20018 c05-B  DRETS PLOT MO 203 REFERENCE TIME 0! 47 59.795
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v

-10 N
-300 =200 =100 0 100 200 300 4500 500

RELATIVE TIME IN SEC
MEAS. NUMBER CHANNEL ASGN. TITLE ) RANGE UNITS GRID-SYM
POM~11-32 CG11-32 SEQUENCE ND.6 S.M. SET ND.2 0 10 100 PCT
POM~11-35 CG11-35 SEQUENCE NO.7 S.M. SET NO.1 . o T0 100 PCT
POM-11-39 C611-39 SEQUENCE NO.S 5.Mm. SET ND.} 0 TO 100 T
POM-11-13 c611-13 SEQUENCE ND.9 0 TO 100 FCT

O0m ™
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TEST ID O46£19 431000 20018 Cos-8  DRETS PLOT ND 20% REFERENCE TIRE (1 47 59.79%

5.0
3.0
1.0
o -
-1.9 ﬁ: 8
-3.0
-5,
5.
3.0
i
1.0 . 13, 0
- ¥
-1.0 }
-3.0
-5,
5.0
3.0
|
1.0
- ¥
o o
~1.0 l. !
-3.0
-5,
5.
3.0}
1.0
R ll
-1.0 ‘ .l
-3.0
-5.0
~300 ~200 -100 0 100 200 300 400 500
RELATIVE TIME IN SEC
MEAS. NUMBER CHANNEL ASEN. ) TITLE RANGE UNITS GRID-SYM
PDM-11-03 C611-03 MAIN ENGINE PITCH POSITION 5.0 T0 5.0 DES A
POM-11-04 CG11-04 MAIN ENGINE YAW PRSITION ~5.0 Y0 5.0 DEG 8
POM-11-0% CG11-09 PITCH SUMMING AMP QUTPUT -4 50 TO %.50 voe c
POM-11-10 t611-10 YAW SUMMING AMP OUTPUT 4 .50 TO 4.50 vDe o
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TEST ID 04661% 431000 20018 C0$-8 DRETS PLOT NG 205 REFERENCE TImE 01 47 59.795
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-390
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: S — .
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-15.0

ammiged

-20.¢

-25.0

-30.0
5.0,

3.0

1.0 i

~5.0 =
-300 ~-200 =100 0 100 200 00 500 500

RELATIVE TIME IN SEC
MEAS. NUMBER CHANNEL ASG6N. TITLE RANGE UNITS G&RID-SYM
PDM-t1-05 CG11-05 V.E. NO.1 PITCH/ROLL POSITION ~45.0 To 45.0 DEB A
POM~11-06 CG1t-D& V.E. ND.1 vaW POSITION -29.0 70 ~9.0 DEG B
POM-~-12-12 cGri-12 ROLL SUMMING AMP QUTPUT VE ND.1 -4.50 TO 4.50 _ vor C
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TEST 1D 046819 431000
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30.0

5.0

MEAS. NUMBER
POM=-11-22
PBA-11-07
POM-11-068
POM=-11-~11
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20018 COS-B  DRETS PLOT NG 206 REFERENCE TIRE 01 47 59.795
rﬁ;-“_‘:““ i,
N JJ L
fH -~ 2
y v =
L s -l
R i
<
|
"T-an0 ~200 o 100 200 300 500 500
RELATIVE TIME IN SEC
CHANNEL ASGN. TITLE RANGE UNITS GRID-5YM
C611-22 V.E. ND.2 CHAMBER PRESSURE 0 TO 500 PsSIa B
£e11-07 V.E. NO.2 PITCH/ROLL POSITEON -45.0 TO 45.0 BES )
C611-08 V.E. NO.2 VAW POSITION 9.0 TO 29.0 DEG ¢
£611-11 ROLL SUMMING AMP OUTPUT VE ND.2 -4 50 TO 4.50 voC i



TEST ID 046619 431000 20018
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=100 0 100 200
RELATIVE TIME [N SEC
TITLE
HYDRAULIC SUPPLY PRESSURE
HYDRAUL IC RETURN PRESSURE
HYDAAULIC ACCUM PYSTON POSITIGN

10-16
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UNITS GRID-SYM
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TEST 1D 046619 431000 20018 £0s-B DRETS FLOT NO 208 REFERENCE TIME 01 47 59.795
5000

4000
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\ I
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100
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&0

%0

20

100

890

60

e ARR VAN

7 — |
20

MI-J
0 -
-300 ~200 - =100 0 100 200 300 400 500
RELATIVE TIME IN SEC

MEAS. NUMBER CHANNEL ASEN. TITLE RANGE UNITS GRID-SYN
POM-11-33 €G11-33 ENGINE PNEUMATIC BOTTLE PRESS 0 °'T0 5000 PSIA A
POM-11~40 CG11-40 MAIN FUEL TANK YDP PRESSURE ¢ 70 100 PSIa . 8
FOM-11-42 CG11-42 LOX TANK TOP PRESSURE 0 TD 100 PSIA c

1017



TEST ID 046619 431000 20018 C0sS-B  DRETS PLOT NO 209 REFERENCE" TIME 01 47 59.795

A - .

600 | - - »/_ I ER—— I Ty “i- ]
400 '
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o . L .
800 [ F51 A

4

600 /
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800

600 - . _
/ i

400
200 .
0 oy o)
-3060 -200 ~100 0 100 200 100 300 500
RELATIVE TIME IN SEC -

MEAS. NUMBER  CHANNEL ASGN. TITLE RENSE © URITS GRID-~SYAM
POM-11-37 C511-37 SOL ID MOTOR NO.1 CHAMBER PRESS 0 To Q08 PSIA A
POM-11-38 EG11-38 SOLID AOTOR ND.2 CHAMBER PRESS . 0 TD 8ep PSIR 8 -

POM-11-41 C611-41 SOLID MOTOR NO.3 CHAMBER PRESS 0 70 800 PSIA c
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TEST ID D46&619 4310060 20018 C0S-B  DRETS PLOT NO 210 REFERENCE TIME 01 47 59.795
8go
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800 - I n

£00 /p

400

200 i
0 Sygeeyy

—
L |

400 !

200
0 Leoon e . —
-300 -200 =100 [ 100 200 300 400 500
RELATIVE TIME IN SEC .

MEAS. NUMBER CHANNEL ASEN. TITLE RANGE UNITS G6RID-SYM
PDM-11-14 C611-14 SOLfD HOTOR NO.4 CHAMBER PRESS 0 TO 800 PSIA A
POM-11-15 . €611-15 SOLID MOTOR NO.5 CHAMBER PRESS 0 T0 800 P5IA ]
PDM-11-16 C611-16 SOL 1D MDTOR ND.6 CHAMBER PRESS 0 YO 800 PSIA C

10-18



TEST ID 046619 431000 20018 cos-8 DREYS PLOT HO 211 REFERENCE TIME 0@ 47 59.795
800

500 U SN = - . -
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200 l

800
500 vf,r‘
400 \ i“
H
200
0
800
600 - / ey icrares
4900
200 = i
0 - —
~300 =200 -100- 0 160 200 300 £00 500
RELATIVE TIME IN SEC
MEAS. NUMBER {HANNEL ASGN. . TITLE RANGE UKITS ERID-SYN
FOM=-11-19% C611-19 SOLID MDYOR MNO.7 CHAMBER PRESS 0 T0 800 pPsia []
POM-11-20 CG11=-20 S0L1ID MOTOR NO_8 CHAMBER PRESS 0 TiX 800 . PSIA .. _ B
POM~-11-43 CG11-43 SILID mOTOR NO.9 CHAMBER FPRESS 0 70 800 PSIA c
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TEST ID 046619 432000 20018
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MEAS. NUMBER
POM-12-01
POMm-12-02
PDM-12~-12
PDM-12-29
POM-172-30

10-21

500

[}
B
c
D
ox

C05-B DRETS PLOT KO 300 REFERENCE TIME 01 47 59.795
~p
— T
IJ_J_E
— x " " * * - * L
-300 -200 -100 0 100 200 300
RELATIVE TIRE IN SEC
CHANNEL ASGN. TITLE RANGE UNITS GRID-SYA
€612-01 5 VOLT REFERENCE 0.00 70 5.00 ¥DC
cg12-02 INSTRURENTATION GROUND 0.00 0 5.00 Yoc
LG12-12 12.35 VOLT BIAS 6.0 TO 12.4 YyoC
€G12-29 +10 VvDC TRANSDUCER POWER 0.0 TD 20.0 Yoe
CG12-30 -10 vOC TRANSDUCER POWER -724.0 T0 0.0 voe



TEST 1D Qub6é619 432000 20018

1000

800

600

400

200

1000
860
6900
500

200

1000
800
600
400

200

1000
800
600
200

200

MEAS. NUMBER
POM-12-113
POM~-12~14
POM-12-16
POM-12-1T7

CosS-8 DRETS

PLOT NO 301

REFERENCE TIME 01 47 59.795

i | 1lh

N

0
-300

-200
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£612-1%
C612~16
cs12-17
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e 100 200
RELATIVE TIME IN SEC
TITLE
V.E. NDO.1 HOUSING TEMPERATIRE
V.E. ND.2 HOUSING TEMPERATURE
AIR CONDITIONING INLET TEMP
SKIRT SECTION TEMPERATURE

10-22

RANGE
32 70
32 70
32 70
32 70

300

1000
1000
1000
1000

%00

500

URITS GRID-SYR
0ES F A
DEG F B
DEG F [
GEG F o



TEST 1D 046619 432000 20018 C0s-B  DRETS PLOT NO 302 REFERENCE TIME 01 97 59.79%
1000

800

400

400

-§.0

-300 -200 -100 0 100 200 300 400 500
RELATIVE TIME IN SEC

MEAS. NUMBER CHANMEL ASGN. TITLE RANGE UNITS GRID-SYA

PBM-12-15 CG12~-15 M.E. PITCH ACTUATOR TEMPERATURE 32 T¢ 1000 DEG F A

PDM~=12-23 C512~23 M. E. PITCH SERVD DIFF. SIGNAL -8.0 79 4.0 L1} ]

PDM~12-26 CG12~-26 M.E. YAW SERVO DIFF. SIGNAL -8.0 TO 8.0 MA c

10-23



TEST 1D 046619 432000 20018 cos~8 BRETS PLOT KO 303 REFERENCE TIRE 01 &7 59.795
8.0

~8.0
8.0

4.0

-8.0
8.0

~8.0
8.0

1A

’ o-son —200 -100 0 100 200 100 400 500
RELATIVE TIRE IN SEC

MEAS. WUMBER CHANNEL ASGN. TITLE RANGE

PDM-12-24 CE12-2% VE ! PITCH/ROLL SERVO DIFF SBML -8.0 TO 8.0 Ha &

PDM-12-25 £612-25 VE 2 PITCH/ROLL SERYD BIFF SGML -8.6 TO 8.0 ma B

POM-12-27 cG12-27 ) VE 1 YAW SERVD DIFF. SIGNAL -8.0 T0 8.0 ] c

POM~12~28 €G12-29 VE 2 YAW SERVD DIFF, SIGNAL -8.0 TD 8.0 L] D

UHITS GERID-SYR
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TEST ID 046419 432000 20018 C0S5-B [DRETS PLOT NO 304 REFERENCE TIME Ol 47 59.795

100
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e L R S et
: il b
3000 —— —
2000 - . \ |I !
1000 -
]
-300 ~200 -100 0 100 200 300 400 500
RELATIVE TIHE IN SEC
MEAS. NUMBER  CHANNEL ASGH, TITLE RANGE UNITS GRID-SYM
PDM-12-31 c612-31 HYDRAULIC ACCUM TEMPERATURE ~20 TO 300 OEG F A
PDM-12-32 C612-32 HYDRAULIC ACCUM 6N2 PRESSURE 0 TO 4000 PSIA B
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TEST ID 046619 432000 20018 €0os-8 DRETS PLOT KO 305 . REFERENCE TIME O@ 47 59.795%
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~280.0 T - ——eef

-285:0 /

-290.0 d f—
! J
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~-300.0
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500 m.l !
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800 M.‘ﬁ
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H400
200
0 bttt trithniatul ‘ﬁlﬁ
-300 -200 -100 ] 100 200 300 400 500
RELATIVE TIME 1M SEC
MEAS.- NUMBER CHANNEL ASGN. TITLE RAMGE UNITS GRID-SYA
PDM-12-11 Ce12~11 LOX PUMP IMLET TEMPERATURE ~-300.0 T -275.0 DE6 F A
PDM~12+33 C612-33 HELTUM BOTTLE PRESSURE 0 70 2000 PSIa -]
POM~12-37 C612-37 THRISST CHAMBER DOME OXID PRESS ¢ TO 1000 PSTA C

.10-26



TEST. ID Q46619
2800

2300
1800
1300
goo
300

~200
1000

800
600
400
200

1000
800
600

" 400

200

0

MEAS. NUMBER
FOM-12~08
Pom-~12~10
POR-12~-39

432000 20013

C05~-B DRETS

REFERENCE TINE

01 47 59.795

|

-300 -200

CHANNEL ASGN.
£612-08
C612-10
C612-3%

St T S

-100 0
RELATIVE TIME IN SEC

GG COMBUSTION TEMPERATURE
GG LOX INJECTOR PRESSURE
G6 FUEL INLET PRESSURE

3600

RAKGE

~30 TO 2200
0 Td 1000

0 Te 1000

500

UNITS GRID-SY®R
DEG F A
PSIA 8
PS1A c



TEST iD 0456619 432000 20018 C0S-B DRETS PLOT NC 307 REFERENCE TIME 0Ol 47 59.795
100

~100 g —— - = 1

=200

=300
100

=100

-200

-300 S g ity S gy =i g
300

200 —— -“--‘.._‘-‘.‘~

100
0
=100
300
200
100
0 +
-100
. =300 ~200 =100 4] 100 200 300 400 5006
RELATIVE TIME IN SEC
MEAS. NUMBER CHANNEL ASGN. TITLE RANGE UNITS GRID-S5YM
PDM-12-92 tG12-42 POSO ND. 2 LOX ACCURULATOR TEMP -300 TO 60 DEG F []
POM-12-43 CG12-43 © POGO NO._ 1 LDX ACCUMULATOR TEMP -300 T &0 DEG F B
PDM-12-21 C612-21 CENTER BODY SKIN TEMPERATURE -100 TO 475 DEG F c
PDOM-12-36 CG12-36 CENTER BOBY AIR TEMPERATURE -40 TO 150 OtG F o
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TEST ID 046419 432000

1000
800
600
400

200

1000
ao00
500
400

200

400
300
200

100

1200
1000
800
6?0
400

200

MEAS. NUMBER
POM-12-07
PDM-12-40
POM-12-03
POM-12-38

20018 C05-B DRETS

PLOT WO 308

REFERENCE TIME

0
-300

~200

CHANNEL ASGN.
C612-07
CG12~-40
€G12-03
£G12-38

1.

0 100
RELATIVE TIME IN SEC
TITLE
MAIN ENGINE CHAMBER PRESSURE
THRUST CHMBR DOME FUEL INJ PRESS
FUEL PUMP INLET TEMPEARATURE
LUBE SYSTEM PRESSURE

200

10-29

300

RANGE

¢ TG 1000
0 TO 1000
0 TO 150

¢ TO 200

400

500

UNITS BRID-SYA

PS5ia
PSIA
DEG F
PSIA

01 4T 59.79%

A

B
C
o



TEST ID 046619 421000 20018  COS~B DRETS PLOT KO 400 -A REFERENCE TIME 01 47 59.79%
2.00 -

0.00

~1.00

~2.00
2.00

0.00

-1.00

~2.00
5.0

3.0

1.0

=

xwﬁ':

-1.0

~5.0 -
-300 ~200 -100 0 100 200 300 400 500

RELRTIVE TIME IN SEC
MEAS. NUMBER CHANNEL ASEN. TITLE RANGE UNITS GRID-SYM
FA-21-12 CF21-12 TRIAXIAL ACCEL YAM AXIS (Z) ~2.00 70 2.00 6 A
Fm-21-13 CF21-13 TRIAXIAL ACCEL PITCH AXIS (Y) ~2,00 T0 2.00 - B
FH-21-A CF21-A TRIAXIAL ACCEL THRUST AXIS (X) -5.0 70 5.0 & t
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TEST ID 046619

2.00

421000 20018

£05-B ORETS PLOT NO 400 -B

REFERENCE TIME 01 4T 59.795

1.00

.00

=-1.00

~2.0¢
2.00

1.00

0.00

=1.00

-2.00

5.0

3.0

-5.0
2800

MEAS. NUMBER
FM-21-12
FM~21-13
FM-21-A

2900

CHANNEL ASEN.

CF21-12
CF21-13
CFzl-A

c00 3100 3200 3300
RELATIVE TIME IN SEC
TITLE
TRIAXIAL ACCEL YAW AXIS (2)
TRIAXIAL ACCEL PITCH AXIS (Y}

TREAXIAL RCCEL THRUST AXIS (X)

10-31

3400

RANGE

-2.00 TO 2.00
-2.00 YO 2.00
-5.0 T 5.0

3500

3500

UNITS &RID
[

6
&

~5YR
A

-]
C



TEST 1D 046619 421000 20018

Cos-B DRETS PLOT O 401 -A

REFERENCE TIME 0@ 47 59.795

200

150

100

50

50.0

40.¢

30.0

20.0

10.0

0.0

430.0

420.0

416.0

400.0

390.0

380.0

370.0

10.0

5.0

6.0

~5.0

-10.0

-300

MEAS. NUMBER
FM-21-09
FM-21-05
Fm-21-01
FM~-2t-11

~200

CHANNEL ASGN.
CF21-09
CF21~-05
CF21~01
tFz1-1

-100 4 100 200
RELATIVE TIME IN SEC
TITLE
THRUST CHAMBER PRESSURE
CONTROL BATTERY CURRENT
GYRO WHEEL SUPFLY FREQUENCY
2HD STAGE 'PITCH CONTROL SIGNAL

2

10-32

300

RANGE
0 70 200

0.0 To 50.0
310.0 TO 430.0
-10.0 TO 10.0

400 500

UNITS GRID-SYM
PSIR A
ARPS ]
HZ - C
YoC 2]



TEST ID 046619 421000 20018 CD5-B DRETS PLOT NG 401 -B REFERENCE TIME Ol 4T 59.79%

200 _] L
JI’J"U’F'*’ 'j H ] b
150 E”' . ]'l !
100
: ! |
50 . o
i, u“ 1.
R i q Ilﬁl_ L Il
50.0 , _
ikl '
49.0 - ”] Jj
36.0 kl
3 i
20.0 i
A z ! 1
10.0 "T‘h - -‘-—-—&_—;@
’ rl‘liip‘ ~l‘||l 'f r" *
0.0
430.0 y
1
420.0 i 14
4100 - N
400,90 - 5‘ l
390-0 P I g™ i b o Wl £ Ay —— 4
r o ) o 1
WL . %
380.0 !,ﬁ—l : .—T,. “F
370.0
10.0
o | LJ"L 1 T
5.0 ‘g TEa| }H
o N T——-%
0.0 ‘“B!‘F 1 i |
5 b, L
-5.0 ﬂ“ﬂp vy ) '
-10.0 l -
2800 2900 3000 1100 3200 3300 3400 3500 3500
RELATIVE TIME IN SEC
MEAS. NUMBER CHANNEL ASGN. TITLE RANGE UNITS GRID-5YM
FM=21-09 LF21-09 THRUST CHAMBER PRESSURE 0 TO 200 PSIA a
FM-21-05 tF21-05 CONTROL BATTERY CURRENT 0.0 TO 50.0 aMPS B
FM-21-01 CF21-01 GYRO WHEEL SUPPLY FREQUENCY 370.0 TO 430.0 Hz ¢
FM=-21-11 gF21-11 2ND STAGE PITCH CONTROL SIGNAL -16.0 TO 10.0 vt ]
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TEST 1D 046619 421000 20018 C05-B DRETS PLOT NO 402 -A REFERENCE TImME 01 47 59.795

100

80

60

49 ______1 |r

20

100

60 ' 1

40

20

100

I

80 U I

60

490

20 I

10.0

-10.0 '
=300 ~200 ~100 ¢ 100 200 300 400 500

RELATIVE TIME IN SEC

MEAS. NUMBER CHANNEL ASGN. TITLE RANGE UNITS GRID-5YMm
Fm-21-06 CF21-06 YAW JET ACTUATION-PRIMARY 0 7o 100 PCT A

Fm-21-07 CFz1-07 PITCH/ROLL JET ACTUATIDN-PRIMARY 0 10 100 PCT
FM-21-08 CF21-08 ROLL/PITCH JET ACTUATION-~PRIMARY 0 70 100 PCT
Fm=21-10 CF21-10 2ND STAGE YAW CONTROL SIGNAL -10.0 TO 10.0 voC

o Om
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TEST ID 046619

421000 20018

C05-B  DRETS

PLOT ND 402 -8B

REFERENCE TIME 01 97 59.79%

100

B0

Lflm_;ll!

50

40

n,

e,

29

100

a0

60

40

20

100

Il ghiln

80

&0

40

i

A ]
(

—

20

liulil'i.iil i
i I !

10.0

i

’

~5.0

~10,0
2800

MEAS. NUMBER
FM-21-0&
FM-21-07
FmM-21-08
Fm-21-10

2900

CHANNEL ASGN.
CF21-06
Cra1-07
CF21-08
CF21-10

3000

3100 3200
RELATIVE TIME IN SEC
YITLE

YAW JET ACTUATION-PRIMARY

PITCH/ROLL JET ACTUATION~PRIMARY
ROLL/PITCH JET ACTUATION-PRIMARY

2ND STAGE YAW CONTROL SIGNAL

10-35

3%00

RANGE

¢ T0 100

0 T0 100

0 TO 100
-10.0 T0 10.0

3500

3600
UNITS GRID-SYR
PCT A
PCT -]
PCT C
voc D



TEST ID 046619 441000 20018 C0s-B DRETS PLOT NO 500 -A REFERENCE TIME 0f 47 59%.795

3.0

2.0

30.0} S :qmrm

28.¢

26.0

.0
&£.00

$.00 v
[

4.00

3.00

2.00

1.00
%.00

3.00

2.00

1.00

0.00

1.00
6.00

3.00

2.00

1.00
-300 260 -100 ¢ 100 200 300 %00 500

RELATIVE TIME IN SEC
MEAS. NUMBER CHANNEL ASGN. TITLE RANGE UNITS BGRID-SVYA
PDM-21-21 €G21-21 INSTRUMENTATION BATTERY VOLTAGE 28.0 TO 3%.0 viC L]
POM-2i-01 £621-01 5 VOLT ABSOLUTE 0.00 TO 5.00 vyoc B
POM-21-02 C621-02 INSTRUMENTATION GROUND ¢.00 TO0 5.00 voc C
POM-21-1T £621-17 5 VOLTY POT EXCITATION 0.00 T¢ 5.00 vDC B
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TEST 10 0465619

30

32.0

30.0

28.90

26.0

24.0

1.00
4.00

~1.490

6.00

o0
2800

MEAS. NUMBER
POM~21-21
PON-21-01
PemM-21-02
POM-21-17

441000 20018

Cos-8  DAETS

PLRT NO

500 -B

REFERENCE TIME

01 47 59.795

—

=

g g

—p

T

-

2960

CHANNEL ASSN,
C621-21
tG21-01
Ce21-02
CG21-17

3000

3100

3200

RELATIYVE TIME IN SEC

3300

TITLE
INSTRUMENTATION BATTERY VOLTAGE
5 VOLT ABSOLUTE
INSTRUMENTATION GROUND
5 ¥YOLT POT EXCITATION

10-37

%00

RANGE

24.0 TO 32.0
0.00 TO 5.00
0.00 TO 5.00
0.00 70 5.00

3500

3600

UNITS GRID-SYM
vot L}

¥DC 8
vot [
voe D



TEST ID 0444619 441000 20018 CDS~B DRETS PLOT ND 501 -A -~ REFERENCE TIME 01 47 59.795

3.0

32.0 - - -

30.0

28.0 - - ‘

26.0

24.0
.0

30.0

8.0 1.

F“'Il L " | Ep— bl gl v
26.0 U

24.0
140

120

100

80

60

40

}

20

n-300 =200 -100 0 100 200 300 %00 500
RELATIVE TImE IN SEC

MEAS. NUMBER CHANNEL ASGN. TITLE RANGE UNITS GRID-5YN

POM-21-20 C621-20 CONTROL BATTYERY VOLTAGE 24.0 TO 34.0 Vot a

PDM~21~43 C621-43 ENGINE BATTERY VOLTAGE ’ 24.0 TO 34.0 voC B

POM-21-12 CG21-12 ENG INE BATTERY CURRENT 0 Y0 140 AMPS c
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TEST ID 046619 441000 20018 C0s-B  DRETS PLBT NO 501 -B REFERENCE TIME 01 47 59.795

3.0

1z2.0

30.0 | '

28.0

26.0

24.0
340

3z2.0

0.0

P .

28.0 ] A

26.0

24 .0
140

120

100

a0

60

40 i |

___,_4 |

20 + )

0 b -

2800 2900 3000 3100 3200 3300 3400 3500 3600
RELATIVE TIME IN SEC

MEAS. NUMBER CHANNEL ASGN. TITLE RANGE UNITS GRID-5YM

PDM-21-20 C621-20 CONTROL BATTERY VOLTAGE 24.0 TO 34.0 Vol A

POM-21-43 C621-43 ENG INE BATTERY VOLTAGE 24.0 TD 34.0 yoc B

FOm-21-12 tG21~12 ENGINE BATTERY CURRENT 0 T0 3140 AMPS [
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TEST ID 046819

3.00

2.00

1.00f

¢.00

-1.00

-2.00

-3.00
100

80

&0

40

20

-5.0
10.0

6.0

5.0

~10.0

MEAS, NUMBER
POM-2%-~13
PDM-21-41
POM-2}-03
POM-21-36

H41000 20018 C0S5-B DRETS PLOT NO 502 ~-A REFERENCE TIME 01 47 59.795
| " AT
{
R oA e prrer.
%
- .
| -1
=300 =200 -100 Q0 100 2060 300 400 500
RELATIVE TIME IN SEC
CHANNEL ASGN. TITLE ° AANGE UNITS GRID-SYN
£621-13 YAW ACTUATOR PDSITION ~-3.00 TO 3.00 DEG A
CG2F-41 YAW JET ACTUATION-SECONDARY 0 TO 100 PCT ]
C521-03 YAW SUMMING AMP OUTPUT -4.50 Td 4.50 vbg C
C621~36 YAW SERVD DIFFERENTIAL SIGNAL ~10.0 T0O 10.0 MA B
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TEST 10 (4éé

3.00

~-1.00

-2.00

~3.00
100

80

80

44

20

10.0

a.0

5.0

-10.0

MEAS. NUMBER
PCM-21-13
PDM=-21-41
POM-21-03
PDM-21-36

19 441000 20018 COS-B DRETS PLOT NOD 502 -B REFERENCE Tlﬂf 0L 27 59.79%
A :
foo -4 ]
I B l
_L .nﬂ ]
ol e " Lﬁm&t—-u&u!?s&gﬁ [
| .
L ' S I
- i -
&Jl 3
T )
2800 2900 3060 3100 3z0c0 3300 3500 3500 3600
RELATIVE TIME IN SEC
CHANNEL ASGN. TITLE RAKGE URITS GRID~SYm®
C621~13 YaAW ACTUATOR FOSITION =31.00 TD 3.00 DES A
C621-4) YAH JET ACTUATION-~SECONDARY 0 T0 100 PCT B
tG21-03 YAW SUMMING AMP OQUTPUT -4.50 TO 5.50 voc c
C621-36 YAl SERVO DIFFERENTIAL SIGNAL ~10.0 T80 10.0 HA [

10-41



FEST 1D 046619 441000 20018 C0s-B  DRETS FLOT NO 503 -A REFERENCE TIME 01 47 59.795

490.0

38.0

36.0 -

34.0

32.0

6.0
-36.0

-32.0

~34.0

-36.0 +

-38.9¢

-40.0
26.0

16.0

14.¢
-12.0

-14.0

~16.0

~18.9

. =20.0 t

~-22.0

-24.0

-26.0

-28.0
=300 -200 =100 0 160 200 300 J00 500

RELATIVE TIME IN SEC
EAS. NUMBER CHANNEL ASSN. TITLE RANGE UNITS GRID-5YM
M-21~-04 £621-0% YALVE EXCITATION (POS) 30.0 TO 80.0 vyDe
M-21-06 C621-06 VALVE EXCITATION (NEG) ~40.0 T0O ~30.0 voC
IM-21-24 CGz1-24 FEEDBACK POT EXCITATION (POS) 14,0 TO 26.90 vaC
m-21-25 C621-25 FEEDBACK POT EXCITATION (NEG) -28.0 T0 -12.0 voc

(=3B B
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TEST ID 046619 441000 20018 C05S-B DRETS PLOT NO 503 -8B REFERENCE TIME 0} 87 59.79%

49.9

3.0 # - ‘T . i.._—J...Jé-JL_a B‘-—’g _ .

4.0

32.0

30.0
-30.0

~32.0

e

o

~34.0

&

~36.0

~38.0

~40.0
26.0

24.0

22.0} t

20.0 g

18.0

16.0

14.0
-12.0

-19.0

~16.0

-18.0

-20.0 —‘iq‘ -

-22.0

-24.90

—26.0’

-28.0 o
2800 2900 3600 3100 3200 3300 3509 560 3600

RELATIVE TIME IR SEC

MEAS. NUMBER CHANNEL ASEN, TITLE RANGE URNITS ERID-SYA
PDM~-21-09 CG21-0% VALVE EXCITATION (POS) n.0 10 50.6 voL A
PDM-21-06 £621-06 YALVE EXCITATION {NEG) -40.0 TD -30.0 Vet B
POM-21-24 C521-24 FEEDBACK POT EXCITATION (POS) 4.0 T0 26.0 voo [
POM-21-25 C621-25 FEEDBACK POY EXCTITATION (NEG) ~28.0 TO -12.0 vid D
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TEST 1D 0464619 441000 20018 Cos-B DRETS PLOT NO 504 - -A REFERENCE TIME 0t 47 59.795

100

89 —_— - o

&0

L iy

100

80

60

40

10.0¢

6.0 v 1]

-10.0 - -
-300 -200 -100 o 100 200 300 00 500

RELATIVE TIME IN 5EC
MEAS. NUMBER CHANNEL ASGN. TITLE - RANGE UNITS GRID-S5YM
POM-~21-08 C621-08 ROLL/PITCH JET ACT - SECONDARY 0 To 100 PCY A
POM-21-40 CG21-40 PITCH/ROLL JET ACT ~ SECONDARY ¢ To 100 PCT . "B
PDM-21-33 C621-33 1ST STAGE ROLL CONTROL SIGNAL ~19.0¢ T0 10.0 vot c
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TEST 1D 046619 441000 20018 Caos-B  DRETS PLOT NG 508 B REFERENCE TIME 01 47 59.79%
100

80

60 =

w0 l |
20 r i l_l . l
mL RS S | !

100

60

ey

49

" T T

-5.0
~10.0
2800 2900 3000 3100 3200 3300 3900 3500 3500
RELATIVE TIME IN SEC
MEAS. NUMBER CHANNEL ASEN, TITLE . RANGE ) UNITS GRID-SYA
PDM-21~-08 £621-08 ROLL/PITCH JET ACT — SECONDARY 0 70 100 ] PCT A
POM-21-40 C621-#40 PITCH/ROLL JET ACT - SECOHDARY o T0 100 PCT B

POM=-21-33 €521-33 1ST S5TAGE ROLL CONTROL SIGMAL -10.0 TO 10.0 . voc C
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TEST 1D 046619

3.00

-1.00

=-2.00

-3.0¢
5.0

3.0

~5.0
10.0

5.0

0.0

~10.0

MEAS. NUMBER
POM-21-09%
PDM-21-18

441000 20018 C05-8 DRETS PLOT NO 505 -A REFERENCE TIME 0! 47 59.795

- ~

1 ~—
r
7 I
| 1
— L.
]
=300 -200 -100 0 100 200 300 400 500
RELATIVE TIME IN SEC

CHANNEL ASGN. TITLE RANGE UNITS GRID-5YA
62109 PITCH ACTUATOR POSITION ~3.00 TO 3.00 A
c62t-18 PITCH SUMMING AMP OQUTPUT ~4.50 70 8.50 3
C621-19 PITCH SERVO DIFFERENTIAL SIGNAL ~10.0 TO 10.¢ t

POM-21-19

10-46



TEST IT 096619 4%1000 20018 Cos-B  DRETS PLOT NO 505 -B REFERENCE TIME 01 a7 59.795
3.00

2.00 1 i

Lo L
——t

0.00
I

~1.00

~2.00

~3.00
5.0

edHd B [l

c.0 ¢ et

-10.0
2800 2500 3000 3100 3200 3300 3500 3500 3500
RELATIVE TIME IN SEC
MEAS. NUMBER  CHANNEL ASGN. TITLE RANGE UNETS SRID-SYM
POM-21-09 CE21-09 PITCH ACTUATOR POSITION ~3.00 10 2.08 DEs A
POM-21-18 C621-18 PITCH SUMMING AMP DUTPUT -4.50 T0 #.50 VDt 8
POM-21-19 €621-19 FITCH SERVO DIFFERENTIAL SIGNAL -10.0 TO 10.0 na c
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TEST 10 046619 4491000 20018 ca5~-B  DRETS PLOT NO 506 -A REFERENCE TIME 01 &7 59.735

110

90 —

10 ——t=

50

30

10

=10
110

90

70

50 —

30

10

~-10
110

90 $ —_

70

50

10

~10 ——-L
110 -

30

70

—r

50

30

10

~10 -
T =300 -200 -100 [ 100 200 300 400 500

RELATIVE TIME IN SEC
MEAS. NUMBER EHANNEL, ASEN, TITLE RANSE . UNITS GRID-SYM
PDM-21-05 C621-05 EVENT GROUF NO.% . 0 Y0°100 PCT A
POM-~21-3% - C621-34 EVENT GROUF ND.2 ¢ 70100 PCT B
PPM~21-14 C62i-14 EYENT GROUP ND.& . 0 70 100 PCT c
POM-21-1% C621-15 EVENT GROUP NO.5 o To 100 PCT o
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TESY 10 04561% 4410060 20018 Co5-B  DRETS PLOY NO 506 -B REFERENCE TIME 01 47 59.795

110

90

70

T

H il

50 %

30

10 1

-10

110 : - | m L(m%
30

T9

50

0

10

110

30

70

50

30

~10
110

30

1o

50

ki)

10

=10
2800 2900 3000 2100 3200 3300 3400 3500 3500

RELATIVE TINE IN SEC
MEAS. NUMBER CHANNEL ASEN, TITLE RANGE URITS GRID-5VA
POM-21-05 £621-05 EVENT GROUP ND.1 8 70 100 PeT
PDM-21-234 £621-34 EVENT GROUP ND.2 0 TO 100 PcY
PDM-21-14 C62t-14 EVENT .GROUP NO.4 0 70 100 PCT
PDOM-21-15. C621-15 EVYENT GROUP NO.5 0 70 100 PCT

=Bz
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TEST 1D 046619 441000 20018 £0s-2 DRETS PLOT NO 507 -A REFERENCE TIME 61 H7 59.795
1000 ]
380
600
400
200
0 Mt W
1000
800 1
600 ; i
"“‘"';Pl""'"
Ty
400 |
200
5 4 ‘ :
-300 -200 =100 o 100 200 300 200 500
RELATIVE TIME IN SEC
MEAS. NUMBER CHANNEL ASGM. TITLE RANGE UNITS ERID-SYN
PDMA-21~10 £621-10 CDR NO. 1 ASC 0 TO 1000 KCRYDLTS A
PDM-21-30 €621-30 COR NO. 2 AGEC o0 7¢ 1000 MCRYOLTS B
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TEST 1D 046619 441000 20018 C0s-B  9ORETS PLOT ND 507 -8 REFERENCE TIME 01 a7 59.795
1000

800

600

800

200

1000

800

500

300

200

|

02800 2900 3000 3100 3200 3300 3400 500 3600
RELATIVE TIME N SEC .
MEAS. NUMBER CHANNEL ASGN. TITLE . RARGE UNITS GRID-SYR
POR-21-10 Cs21-10 CDR NO. 1 AGC o To 1000 RCRYOLTS A
POM-21-30 €621-30 COR NO. 2 MSC ¢ YO 1000 RCRVOLTS B

10-61



TEST ID 0446619 441000 20018

CoS-B DRETS PLGBT NO 508 -A

REFERENCE TIME Ol 47 59.79%

200.0

190.0

180.0

170.0

160.0

—

150.0

140.0

20.0

15.0

10.0

¢.0

30.0

25.0

20,0

15.0

10.0

0.0

4.00

3.00

2.00

1.00

0.00

=-300° -200

MEAS. NUMBER
POM-21-11
POM-21-0T7
PDM-21-31
POm-21-32
POM-p1-35

CHANNEL ASSN.
C621~-11

C621-07
C521-31
fG21-32

. FG21-35

v

~100

0 100 200
RELATIVE TIME IN SEC

TITLE
Imy BLOCK YEMPERATURE
G.C. LOGIC VOLTAGE
GC MEMDRY VOLTAGE
ImU GYRD EXCITATION
Imy LOGIC VOL TAGE

10-52

300

RANGE
190.0 TO 200.0

0.00 TO 5.00
0.0 70 30.0
0.0 TO 27.5
0 00 TO 5.00

400

560

UNITS GRID-SYR
DEG F a
voe B
Vo BX
YRAS c
voe B



TEST ID 046619 441000 20018

200.0

190.0

180.0

170.90

160.0

150.0

150.0
20.0

15.0

10.0

5.0

0.0
30.0

5.0

20.0

15.¢

10.0

0.0
5.00

5 00k

3.00

2.00

1.00

a.00

MEAS. KUMBER
PDM-21-§1
PDA~21-07
POM-21--31
POM-21-32

Co5~B DRETS PLOT WO 508 -B AEFERENCE TIRE 01 47 59.795
J : bl
II )
rs } L
H v ﬂ | v | 'T
2800 2%00 3000 3100 3200 3300 3400 3500
RELATIVE TIME IN SEC
CHANNEL ASGN. TITLE RANGE UNITS BRID-SYR
Ce2t~11 Iml BLOCK TEMPERATIRE 180.0 TD 200.0 DEG F A
C621-07 6§.C. LOGIC YOLTAGE 0.00 TD 5.00 voc B
CR21--3% SC MEMORY VYOL TAGE 0.0 TO 30.0 yoC BX
tg21-32 My GYRO EXCITATION 0.0 TO 27.5% VYRMS c
Ct621-35 MU LDOGJIC VOL TAGE 0.00 TO 5.00 Vot [ ]

POM-21-78

10-53



TEST ID 046619 441000 20018 Cos~B DRETS PLOT NO 509 -A REFERENCE TIME 01 47 59.795
400

" 300 - .

200

100 - e

2000

1500

1000

500

200

150

100

50

0
~300 ~200 =100 0 100 200 oo 400 500
RELATIVE TIME IN SEC

FMEAS, NUMBER CHANNEL ASGN, TITLE RARSE UMITS GRID-5YM
POM-21-26 t621-26 HYD MOTOR PUMP YEMPERATURE 32 70 400 DES F L

PDM~-21-23 c621-23 HYDRAULIC SYSTEM PRESSURE ¢ 7C 2000 PSIA 8
PDM--21-29 c621-29 HYDRAULIC SYSTEM RETURN PRESSURE 0 T0 200 PSIA €

10-54



TEST ID 046619 441000 20018 C0S-B DRETS FLOT NO 509 -8B REFERENCE Timt 01 47 59.795
400
300
200
1 kl ’ i
100
°
2000
I500 i § I
h roald uL—% }
1000 II
500
o 'ﬁ "
200
150
100
50 ¥
0 M
2800 2900 3000 100 3200 3300 3500 3600
RELATIVE TIME IN SEC
MEAS. NUMBER CHANNEL ASEN. TITLE RANGE UNITS GRID-SYM
PBM=-21-2¢& CE21-26 HYD MOTOR PUMP TEMPERATURE 32 T0 %00 DEG F A
POM-~-21-23 C621-23 HYDRAULIC SYSTEM PRESSURE 0 T8 2000 PSIA B
POM-21-29 £621-29 HYDRAULIC SYSTEM RETURN PRESSURE 0 TD 200 PSIR [

10-5%



JEST ID 046619 441000 20018

11g.0

100.0

90.0

80.0

70.0

0.0

50.0

40.0
5000

2400

3000

2000

1000

500

500

300

200

100

[+]
500

400

300

200

100

MEAS. NUMBER
PDm-21-28
PDM-21-16
POM-21-22
POM-21-27

C0S-B  DRETS

PLOT KO 510 -4

REFERENCE YIME 01 &7 59.79%5

|

0
-300

~200

CHANNEL ASGN.

c521-28
ce21-16
tG21-22
C621-27

-100

0 100 300

RELATIVE TIHE IN SEC

200

RANGE
40.0 TO 110.9

0 T0 5000
0 T9 500
0 TG 5060

. TITLE
OXIDIZER LINE TEMPERATURE
NITROGEN BOTTLE PRESSURE
OXIDIZER TANK PRESSURE
NITROGEN REGULATOR PRESSURE

10-56

400

500

URITS GRID-SYM
DEG F - A
PSia B
PSIA c
PSIA 0



TEST ID O%6619 991000 20018

110.90

100.0

90.0

80.0}

70.0

60.0

50.0

%0.0
$000

4000

3000

2000

1000

500

400

ne

200

100

0
500

a00
300
200

100

FMEAS. NUMBER
POR-25-28
FDM-21-16
PON-21-22
POm-21-27

C05-B  DRETS PLOT NO 510 -3

REFERENCE TIME

01 47 59.795

e
-

0
2800

2900

CHANNEL ASEN.
Ce21-28
Ce21-14
L621-22
CE21-2T

3000 3100 azoo
RELATIVE TIRE IN SEC
TITLE
OXIDIZER LINE TEMPERATURE
MITROGEN BOTTLE PRESSURE
OXIDT1ZER TANK PRESSURE

NITROGEN REGULATOR PRESSURE

10-b67

3300

3400

RANGE

40.0 TO 110.
¢ TO 5000

0 70 500

0 TO 500

3500

3600

UHITS GRID-SYR
DEG F ‘A
P54 8
PSIA €
PSIA D



TEST 10 046619 441000 20018

110.0

100.0

90.0

80.0

70.0

60.0

54.90

40.0
5600

4000

3000

2000

1000

500

400

300

200

100

0
500

400

300

200

100

MEAS. NUMBER
POM-21-39
PDM-21-37
PDM~-21-38
PDM-21-42

CO0S-8  DRETS

PLOT ND

511

-A

REFERENCE TIME 01 47 59.795

0
~300

~200

CHANNEL ASGN.
C621-39
£621-37
£621-38
£621-42

~100

¢

100

RELATIVE TIME IN SEC

TITLE

FUEL LIKE TEWPERATURE

HEL UM BOTTLE PRESSURE

HEL IUM REGULATED PRESSURE
FUEL TANK PRESSURE

10-58

200

300

RARGE
40.0 70 116.0

0 70 5000
0 70 500
o T0 500

400

500

UNITS GRID-5YA

e F A
PSIA B
PSTA C
PSIA D



TFST ID 046619 4410006 20018
110,07

100.0
90.0
80.0
70.0
£0.0
50.0

40.0
5000

4000

3000

2000

1000

500

400

300

200

100

500

400

oo

200

100

MEAS. NUMBER
POM-21-39
PDM-21-3T
PDM-21-38
POM-21~42

tos-8

DRETS PLOT NO 511

-3

REFERENCE TIME 01 47 59.795

Jn_l

N

‘—.-é

¢
2800

25900

CHANMEL AS5H,
C621-39
C621-37
C521-38
CG521-42

3000

3100 3200
RELATIVE TIME IN SEC
TITLE
FUEL LINE TEMPERAYURE
HEL IUM BOTTLE PRESSURE
HEL TUA REGULATED PRESSURE
FUEL TANK PRESSURE

10-59

3300

3400

RANGE
40.0 TO 1t
S TD ‘5000
0 TO 500

6 T0 500

8.0

3500

UMITS GRID-S5YR

DEE F
PSIA
PSIA
PSfA

3500

B
C
D



TEST 1D 046619 480000

Cgs~B  DRETS

FLOT NO

£00 -R

REFERENCE TIME 01 47 59.795

20.0

-10.0

~20.0

12.0

-%.0

~5.0

-12.0

10.0

~10.0

3.00

2.00

1.00

ra——ty

0.00

T

T’

-1.00

-2.00

~-3.00

-300

MEAS. NUMBER
PCR-26-01
PCH-2G-04
PCA-26-07
PCM-26-1T

CHANNEL ASGN.

1-615
1-085
1-07S
I-17

-200

~100 0

100

RELATIVE TINE IW SEC

TITLE

ROLL ANGULAR RATE

ROLL ATTITUDE ERROR
AOLL DAC DR GN/OFF DUTPUT
PROGRAMMED ROLL RATE

10-60

200

RANGE

360

400

500

. UNITS GRID-5YM

~43.0 70 43.0
-30.1 Y0 30.1
-10.1 TG 10.1
-30.1 TO 30.1%

DE&/SEC A
DEG -]
YOLTS c
DEG /SEC px



TEST I0 044419 460000

20.0

-10.0

~20.¢0
12.0

8.9

4.0

-12.9
10.0

5.9
0.0
5.0

~10.0
3.00

2.00
1.00
0.00
~1.00
-2.00

-3.00

MEAS. NUMBER
PCM-26-01
PCM-26-04
PCM-26-07
PCM-2G-17

.

10-61

Co5~® DRETS PLOT N 600 -B REFERENCE TIME 01 47 59,795
—l
- - A
A v b |
¥
2800 2900 3000 3200 3300 3500 3500 3600
RELATIVE TIME IN SEC
CHANNEL ASGN, FITLE RANSE UMITS GERID-5YM
1-085 ROLL AMGULAR RATE -43.0 TQ 3.0 DE&G/SEC L
1-04§ ROLL ATTITUDE ERROR -30.1 70 20.1 DE& B
10758 ROLL DAC OR ON/OFF OUTPUT -10.1 T¢ 10.1 YOLTS c
1-17 PROG RAMMED ROLL RATE ~-30.1 TO 30.1 DEG/SEC Dx



TEST ID OH6619 480000

£ps5-8

DRETS

. PLOT ND

~h

REFERENCE TIME 01 47 59.79%

20.0

10.0

- - = g0k

~10.0

~20.0

8.0

-8.0

10.90

5.0

8.0

~10.0

3.00

2.00

L 3

-1.00

| -
-

-2.00

i

-3.00

-300

MEAS. NUMBER
PLCA-2G-02
PCA-25-05
PCM-26-08
PCM-26-18

-200

CHANMNEL ASGN.

-100

RELATIVE TIME IN SEC

[

100

TITLE

PITCH ANGULAR RATE

PITCH ATTITUDE ERROR
FITCH DAC DR ON/OFF GUTPET
PRGGRAMMED PITCH RATE

10-62

200

360

RARSE .

-43.0 TD 43.0
-30.1 TO 30.1
~10.1 70 10.1
-30.1 10 30.1

400

500

URITS ERID-SYM
DEG/SEC &
DES 8
VOLTS c
DEG / SEC ox



TEST ID 044519 480000

20.0

10.0

~10.0
2.00

2,00

1.00

0.0¢

-1.00

-2.00

-3.00

MEAS, NUMBER
PCM-26-02
PCM-26~05
PCM-26-08

t0S-B DRETS PLOT NO 601 REFERENCE TIME 01 47 59.795
.
- + dp— ¢
| — o | e
g et ]
— = T B
1 » % -  —— -
*rs
2800 2900 3000 3100 3200 3300 3400 3500 3600
RELATIVE TIME IN SEC .
CHANNEL ASSN. TITLE RARGE UNITS BRID-SYAR
1-025 PITCH ANGULAR RATE ~33.0 TO 43.0 DEG/SEC A
1-055S PITCH ATTITUDE ERROR -30.1 TO 0.1 DES - B
1-08§ PITCH DAC OR ON/OFF OYTPUT -10.1 T 10.1 YOLTS ¢
1-18 PROGRAMMED PITCH RATE ~30.1 TO 30¢.1 DEG /SEC DX

PEM-2G-14

10-63



TEST 10 046413 980000

20.0

1¢.0

10.0~

=-10.0

-20.0
8.0

-8.0
10.90

-1¢.0
3.00

2.00

1.00

6.00

-1.00

~2.00

-3.00

MEAS. NUMBER
PCM-2G-03
PCM-26-06
PCM-26-09
PCHM-26-19

10-64

cps-8  DRETS PLOT NO 602 REFERENCE TIME 01 47 59.795
t
. . |
F —
o T — ] J e —— e
-—Lr—— l‘ g ‘3 ¥ P 3 3
=300 ~-200 -100 0 100 200 300 %00 500
RELATIVE TIME I SEC -

CHANNEL ASGN. TITLE RANGE UNITS GRID-SYM
1-038 YAN AMGULAR RATE -43.0 TO 83.0 DEG /SEC )
1-065 YAW ATTITUDE ERROR =-30.1 TO 30.1 DEG B
1-095 Yam UAC 08 DN/OFF OUTPUT -10.1 T8 10.1 VOLTS c
1-19 PROGRAMMED YAW RATE =-30.1 TO 30.% DEG /SEC 1} 4



TEST ID 046619

480000

Cos-B DRETS

PLOT NO

&02 -B

REFERENCE TIME 01 47 59.795

20.0

10.0

‘L

-1¢.0

-20.0

8.0

1

-8.0
10.0

-10.0

3.00

6.00

x

-1.00

-2.00

-3.00

2800

MEAS. NUMBER
PLM-26-013
PCM-26-06
PLM-26-09
PCM-26-19

2900

CHANNEL ASBNM.
1-03%

1-06§

1-095

1-19

3000

3100

3200

RELATIVE TIME IN SEC

TITLE

YAW ANGULAR RATE

YAW ATTITUBE ERRDRA
YAW DAC OR ON/OFF OUTPUT
PROGRAMMED YAW RATE

10-65

3300

RANGE

oo

-43.0 T0 43.0
-30.1 10 20.1
~10.1 10 10.1
~30.1 T0 30.1

asoo 3600
UKITS GRID-SYM
DEG /SEC A
DEE B
VOLTS [
DES /5EC DX



TEST I0 096619 480000 Cos-B  DRETS PLOT NO 603 -A REFERENCE TIME 01 47 59.795
500

400

00

200

100

~100

~200

~300

400

~500
500

450

400

50

e

200 ﬁ

150

100

50 r/].. m——
'_.'-_‘_.—-" »
0 L
-300 ~200 -100 3 100 200 300 400 500
RELATIVE TINE 1M SEC

PMEAS. NUMBER CHANNEL ASGEN. TITLE RANSE UNITS GSRID-5YM
PCH-26-25 1-25 X BODY COORD ACCEL -500 T0 500 " FY/SEC2 L

PCA-26 -39 1-39-01 THRUST MCCELERATION 6 10 500 FT/SEC2 L}

10-66



TEST 1D 044819 460000 C0S-8 ORETS PLOT NO 603 -B REFERENCE TIME 01 47 59.795
500

400

300

200

100

-100

-200

=300

=400

~500
500

4590

400

350 -

00

250

200

150

100

5%

[+
2800 2900 3000 3100 3200 3300 3400 3500 3600
RELATIVE TIME IN SEC

MEAS. NUMBER CHANNEL ASGN. TITLE RANGE UNITS GRID-SYA
PCM-26-25 1-25 X BopyY CODRD ACCEL -500 70 500 FT/SEC2 ]
PCM-26-39 1-39~01 THRUST ACCELERATION a 10 500 FT/SEC2 B

10-67



TEST 10 046619 %61000 20018 c05-B DRETS PLOT NOD T00 -A REFERENCE TIRE 01 47 59.795
1000

900

800

700

600

500

400

300

200

100

0
-300 ~200 ~100 0 100 200 300 500 1)
RELATIVE TIME IN SEC

PEAS. NUMBER CHANNEL ASSN, TITLE RANGE URITS GRID-SYM
FM-31-18 CFal-18 THIRD STAGE CMAMBER PRESSURE ¢ 70 1000 PSIA A

10-68



TEST 1D 046619 961000 20018 C0s-8 DRETS PLOT NO 700 -B FEFERENCE TIME 01 47 59.795

1000
900
800
700 'II
e
b
&
600 e
i
500 %
%00
100
200 :
100 f
0
2600 2900 3100 3200 3300 300 3500 3600
NELATIVE TIME IN SEC
MEAS. NUMBER  CHANNEL ASSN. TITLE RANSE URITS GRID-SYR

"Fm=-31-18 CF3t-18 THIRD STAGE CHAMBER PRESSURE 0 TO 1000 PS1a [ ]

10-69



TEST ID 096619 461000 20018 Cpo5-B DRETS PLOT NO 701 -A REFEHENDE.TIHE 01 47 £9.795
3z.00

31.00

30.00

29.00 i

28.00
27.00 -
26.00
25.00
-300 ~-200 -106G -] 100 200 300 8400 500
) RELATIVE TIME IN SEC )
MEAS. NUMBER  CHANNEL ASGN. ~ TITLE RANSE UNITS GRID-SYM
Fr-31-14 CF31-14 BATTERY MONITOR VDLTAGE 25.00 TO 32.00 vt A

10-70



TEST ID 0465619 461000 20018 C05-B DRETS PLOT NO 701 -3 REFERENCE TIME O 47 59.795
32.00

31.00 .

30.00

2%.00

28.00

o
3.

AT

T T

27,00

26.00

i .002800 2900 3000 3100 3200 3300 3800 3%00 3600
RELATIVE TIME IN SEC -
MEAS. NUMBER CHANNEL ASEN. TITLE - RANSE UNITS SRID-SYR
FM-31-1% CF3i-14 BATTERY ADNITOR VOLTAGE 25.00 TC 32.00 vDC R

10-71



TEST ID 086619 441000 20018 COS-B  DRETS PLOT NO 702 -A AEFERENCE TIME 01 47 59.795
2.00

1.00 o ===

0.00

-t.00

-2.00
2.00

1.00

.00 W—w .

~1.00

~-2.00
12.0

6.0

3.0

6.0 - - (| s -

=300 =200 - ~100 0 100 200 11 I 400 500
RELATIVE TINE IN SEC
MEAS. NUMBER CHANNEL ASSN, TITLE RANSE UNITS GRID-SY®
FM-31-15 CF31~-15 PITCH ACCELERUMETER -2.00 TO 2.00 & A
FM-31-16 CF31-16 YAN ACCELEROMETER -2.00 TG 2.00 . 6 B
FM-31-17 CF31-17 THRUST ACCELEAOMETER -3.0 70 12.0 -] c

10-72



TEST ID O04461% 461000 20018 C05-B  DRETS PLOT NO 702 -B REFERENCE TIME 0) 47 59.795
2.00

1.00

-1.00

-2.00
2.00

1.00

0.00

~1.00

~2.00
12.0

6.0

3.0

0.0

-3.0
2800 2900 3000 3100 3200 3360 3900 sod 3600

RELATIVE TIME IN SEC
MEAS. NUMBER CHANNEL ASGN. TITLE RANGE UNITS 6&RID-5YM
FM~31-15 CFai1-15 PITCH ACCELEROMETER -2.00 TO 2.00 6 A
FM=31-18 CF31-16 YAW ACCELEROMETER -2.00 TO 2.00 8 B
FM-31-17 CFat-17 THRUST ACCELEROMETER . -3.0 T0 12.0 6 €

10-73
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