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1
INTRODUCTION

The Three-in-One Gage is a three-way gage designed to measure pressure, tem-

and displacement at the same port continuously. The Two-in-One

perature,
nd temperature in the

Gage is a two-way gage designed to measure pressure a

same port continuously. The Two-in-One is an adaptation of the Three-in-One

to incorporate dual seals, however, without the proximity censor. 1he
Three-in-One Gage as shown in Figure 1 is assembled using two Type K thermo-
couples, 1 Kulite Pressure Transducer XCQ-103-093-1000A, and one Kaman

Proximity Displacement Sensor. The main body and seal was designed by

e Morton Thiokol, Inc.

Testing was completed on 2 August 1988.
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2
TEST OBJECTIVES

The objectives for this test are as follows:

«x 1. Verify the pressure measurement of the Three-in-One and Two-in-One
Gages to be accurate to +5 percent of full-scale (1,000 psi).

x 2. Verify the displacement measurement of the Three-in-One Gage to be

accurate to 5 percent of ful1-scale (0.020 in.).

x+ 3. Verify pressure and displacement calibration remains constant
following vibration loading specified in WTP-0175.

xx 4, Determine if the Three-in-0ne and Two-in-One Gages remains func-
tional following 150 percent of maximum operating pressure.

x+x 5, Determine performance of the Two-in-One Gage dual seals in a 70-1b

motor hot fire environment.
xx . Determine gage bursting pressure at ambient temperature.

xxx 7. Determine Two-in-One Gage bursting pressure at 175°F.

-
*(Qbjective applies to Three-in-One Gage only.

*xk(Objective applies to Three-in-0ne and Two-in-One Gages.
x*x*(Qbjective applies to Two-in-One Gage only.
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The latest revision
specified herein.

WTP-0175
7U76436
MIL-STD-45662
SE-019-049-2H

No Number

TWE-101€3

TWR-10161

AEVISION

89181-1.¢

3

APPLICABLE DOCUMENTS

of the following documents are applicable to the extent

Three-in-One Combination Gage Development Test Plan
Three-in-One combination Gage
calibration Systems Requirements

Solid Rocket Booster yibration, Acoustic and Shock Design
and Test Criteria

General Safety and Health Manual

safety Plan for Space Shuttle Kedesigned Solid Rocket
Moter Project

Quality Plan for Space Shuttle Solid Rocket Motor
Project

voL
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4
TEST SUMMARY, RESULTS, AND CONCLUSIONS

4.1 TEST SUMMARY RESULTS

Four Two-in-One and two Three-in-One Gages were tested. Table 1 shows part

numbers and serial numbers for each gage and the testing performed on each.

Table I. 7U76436 Gages Tested (NTP-0175)

150 Percent

Dash Serial Maximum 70-1b 175°F Amb
No. No. vib  Cal Pressure Motor ~ Burst Burst
-02 01 X X X
*-03 01 X X X X X
*-04 05 X X X X
*-04 07 X X X X
*-05 03 X X X X
-02 04 (Nonfunctional gage; no calibration charts) X

A Random Vibration Test was performed to verify structural integrity of
the Two-in-One and Three-in-One Gages. Each gage was subjected to 6.9 grms
vibration for 6 minutes. During the vibration test 1,000 psi was supplied

to the gage.

After vibration testing, each gage was pressurized to 1,500 psia,
which is 150 percent of the rated pressure (1,000 psi). The output voltage
of the pressure transducers were recorded during this test to verify that

they remained functional.

Following the vibration, each gage was calibrated for displacement and
pressure. Type K thermocouples areé controlled by MIL-STD-45662 so no

-

*Two-in-One Gage (dual seal configuration; pressure and temperature only)
pocno. TWR-18519 voL
PAGE
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temperature calibration is required.

The gages were calibrated for pres-

sure according to Morton Thiokol Metrology Labs and not Para g.2.2 of

WTP-0175.

para 8.2.3 of WTP-0175 but was calibrat

The proximity sensor was not calibrated in accordance with
ed by Morton Thiokol Metrology Labs

using a 21-point calibration procedure OVer a range of 0.000 to 0.020 inch.

Two 70-1b motors were fired with Two-in-One Gages measuring chamber

pressure and temperature and joint chamber pressure and temperature.

A CEC

5000 pressure transducer with an adapter was used on each 70-1b motor to

verify pressure to the seals of the Two-in-One Gages.

The 7U76436-04 S/N 07 Two-in-One Gage was subjected to an ambient

pburst test.

The 7U76436-03 S/N 01 was S

ubjected to a 175°F burst test.

These gages were selected because they contained damaged electronics, but

the gages were structurally intact.

4.2 CONCLUSIONS

A summary of conclusions as they relate to the test objectives js stated

below.
1isted.

Objective

1. Verify the pressure measurement
of the gages will be accurate
to +5 percent of 1,000 psi
(fu]l-sca]e).

2. Verify the displacement measure-
ment will be accurate to +5
percent of 0.020 in. (full-
scale).

3. Verify pressure and displace-
ment calibration remains con-
stant following vibration
loading specified in WTP-0175.

4. Determine if the Three-in-0ne
Gage remains operationa] follow-

ing 150 percent of the maximum
operationa] pressure.

REVISION

89181-1.8

The section where the results are discussed in detail is also

Conclusion

The maximum full-scale offset ob-
served was 0.2 percent.

The maximum full-scale offset
observed for the test gages was
+6.7 percent, which does not meet
the requirement.

Each gage was calibrated following
vibration testing. Objective 1
and Objective 2 above satisfy
Objective 3. Section 7.1

A1l gages remained functional
following the 150 percent of rated
pressure test.

socwo. TWR-18519 voL
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5. Determine the performance of the
gage dual seals in working
environment using a 70- b
motor test.

6. Determine gage pursting pres-
sure at ambient temperature

7. Determine Two-in-One Gage
bursting pressure at 175°F.

4.3 RECOMMENDATIONS

The gages are recommended for use on
measure temperature and pressure but

developmental.

Every transducer should be cali

use.
Anomalies

Damage to coil from installation.

REVISION

e

89181-1.9

full-scale RSRM tests to
displacement data should be considered

brated and overpressure t

A1l swab samples verified the seal
7.4 and 7.5

for the gage. Section

The tested gage maintained a pres-
20,000 psi for 2 min with-
out bursting. The gage showed no

sure of

visible evidence of leakage Or

damage (Figures 4 and

The tested gage maintained a pres-

sure of 20,000 psi for 2 min with-
i showed no

The gage

visible evidence of leakage OF

damage (Figure 3)

socno.  TWR-18519
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Instrumentation for this test wa
laboratory standards were used in accordance with

During calibration,
MIL-STD-45662.

5
INSTRUMENTATION

s selected to support the test objectives.

A1l instrumentation functioned before and during the test.

Photography consisted of s
and Three-in-One Gage phys
tests.

REVISION

89181-1.10

6
PHOTOGRAPHY

everal still photographs documenting test set-up
jcal condition after structural and hot fire
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7

TEST RESULTS AND DISCUSSION

7.1 VIBRATION TEST

7.1.1 Introduction

dom vibration test was per
of the gag
on loading

A ran
structural integrity
pressure and vibrati

loading during static firing.

formed in two axis directions to verify the
es. Each gage was subjected to 1,000 psi
to simulate RSRM vibration and pressure

The vibration test fixture is shown in

Figure 2. Flight yibration test criteria was used as specified in
SE-019-049-2H and listed below.
20 - 50 Hz at 0.020 g% /Hz
50 - 150 Hz at +3 dB/Oct
150 - 500 Hz at 0.060 g% Wz
500 - 2,000 Hz at -6 dB/0ct
6.9 grms for 6 minutes

A001 and AQ02 were re
facility and the vi
personnel.

7.1.2 Objectives
The v

o]

Verify

corded on strip charts by th

bration criteria

jbration test was performed

pressure and displacement ¢

e T-53 vibration

1isted above was verified by the T-53

to support the following test objective:

alibration remain constant

fo1lowing vibration loading.

7.1.3 Results and Discussion

he vibration test verified th
g vibr

T
maintain 1,000 psi durin

REVISION
—

89181-1.11

e structural integrity of the gages to

No visible leakage occurred.

ation loading.

vOL
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The structural integrity of the pressure transducer and the proximity
sensor in each Three-in-One Gage was verified by calibration and is discussed

in Section 7.3 of this report.

7.2 150 PERCENT MAX IMUM PRESSURE TEST

7.2.1 Introduction

Each gage was pressurized to 1,500 psi, which is 150 percent of the rated
pressure (1,000 psi). The output voltage of the pressure transducer was
recorded during this test to verify that the pressure transducer remained

functional.
7.2.2 Objectives
The 150 percent maximum pressure test supports the following test objective:

o petermine if the gage remains functional following. 150 percent'of

the maximum operational pressure.

7.2.3 Results and Discussion

The pressure traces during the 150 percent over-pressure test are contained
in Appendix B. A1l pressure transducers functioned during the test and all
gages returned to zero following the test.

7.3 CALIBRATION TEST

7.3.1 Introduction

An 11-point pressure calibration from 0 to 1,000 psi and a 21-point cali-
bration displacement calibration from 0 to 0.020 in. was performed according
to Morton Thiokol Metrology Labs to verify accuracy of the gages and to verify

that they were functional after vibration loading.

The calibration was performed as listed below by Morton Thiokol
Metrology Labs. These data were recorded using laboratory standards.

1. 5 Vdc was supplied to the pressure transducer input and the output
voltage was recorded.

2. The pressure Was then increased to 1,000 psi and then decreased back
to 0 psi in 200 psi'increments. The lab standard pressure and gage

oocno. TWR-18519 voL

REVISION
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pressure transducer yoltage output was measured and recorded at each

200 psi increment.

The 21-point displacement calibration over the range +0.010 in. was
performed as listed below. It should be noted that the procedure used was
different than the procedure called out in the test plan. Displacement was
calibrated in a rangé of 0 to 0.020 in. instead of +0.010 inch. This differs
s1ightly in that WTP-0175 calls for calibration over a range of =10 mils,
which Morton Thiokol Metrology Labs are not equipped to do. Since these
pressure data were accurate to 0.5 percent of 1,000 psi and deflection data
accurate to 6.7 percent of 0.020 in. (which is above the 5 percent
accuracy required) the accuracy of the gage is demonstrated, provided the
displacement data are considered developmental. The calibration was per-
formed by Morton Thiokol Metrology Labs and these data wer€ recorded using

laboratory standards.

1. 28 Vdc was supplied to the proximity sensor and the output voltage was
recorded.

2. The target was incremented through a 21-point calibration cycle in
0.002 in. steps. The proximity sensor output voltage was recorded at
each 0.002 in. calibration step. The displacement calibration was per-
formed for a range of 0 to 0.020 inch. The test plan specified cali-

bration over a range of +0.010 inch.
7.3.2 Objectives
The calibration test support the following test objectives:

1. Verify the pressure measurement of the Three-in-One and Two-in-One
Gages to be accurate to =5 percent of full-scale (1,000 psi).

2. Verify the displacement measurement of the Three-in-One Gage to be
accurate to #5 percent of full-scale (0.020 in.).

7.3.3 Results and Discussion

The calibration procedure was carried out by the Morton Thiokol Metrology
Labs using an automated test unit. Three separate runs Were made on each
transducer and documented on standard transducer calibration sheets.

pocno. TWR-18519 [ voL
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The pressure transducer accuracy was better than 0.5 percent of full-scale
which satisfies the requirement of 5 percent of full-scale accuracy. The

displacement transducers accuracy was 6.7 percent of full-scale which does

not satisfy the requirement of 5 percent of full-scale.

1t should be noted that the software allowed for only three calibration
runs per device while the test plan called for five calibration runs. The
change to three calibration runs was approved by the Design Engineer and

Project Engineer prior to the calibration test.

7.4 70-1b MOTOR NUMBER ONE

7.4.1 Introduction

A pair of Two-in-One Gages were insta11edAon a 70-1b motor. The two gages Were
nstalled in

installed in a vent port. A CEC 5000 pressure transducer was 1
an adjacent vent port to verify pressure to the seals of the Two-in-One

Gage.

One Two-in-One Gage was installed in a port to measure direct chamber
pressure. The installation procedure called out in the test plan was used
to install the gages, except torque paint was not applied after the

gages had been torqued.

Detailed gage jnstallation locations and corresponding data plots can

be found in Appendix C.

7.4.2 Objectives
70-1b Motor Number One was fired to support the following test objective:

o petermine the performance of the Two-in-One Gage dual seals in

working environment using 2 70-1b motor.

7.4.3 Results and Discussion

The 70-1b motor ballistic results are detailed in Table I1. After the hot
firing, there was no evidence of hot gas past any of the gages on the motor.
Swab samples verified no gas passed the primary 0-ring on the 2 Two-in-0One
Gages, the Endevco 8530B-1000 Pressure Transducer/Adapter, Or on the CEC
5000/Adapter.

DOC NO. TWR-18519 voL
- SEC PAGE 13
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Table II. 70-1b Motor No. 1 Ballistic Results

Ambient Temperature 70°F
Propellant Weight 74.4 b
Nozzle Initial Diameter 0.485 in.
Nozzle Final Diameter 0.614 in.
Tota]l Action Time 82.54 sec
Total Burn Time 81.45 secC
Burn Rate 0.381 in./sec

Because torqué paint was not applied, these data were not collected to

verify if the gages held torgque. The Two-in-One Gages in the vent ports
saw a maximum pressure of 60 psi, while the Two-in-One Gage in the chamber
pressure port saw 2 maximum pressure of 790 psi.

From the results described above, it was decided by Project Engineering

to fire another 70-1b motor.

7.5 70-1b MOTOR NUMBER TWO

7.5.1 Introduction
The second 70-1b motor was fired on 23 July 1988 using the procedure con-
tained in WTP-0175.

A pair of Two-in-One Gages were installed in vent ports with a
CEC 5000/Adapter in an adjacent vent port. One Two-in-One Gage was in-
stalled in a port to measure direct chamber pressure. The installation
procedure contained in WTP-0175 was followed.

Detailed gage jnstallation locations and corresponding data plots can

be found in Appendix C.

7.5.2 Objectives

70-1b Motor Number Two was fired to support the same test objective as 70-1b

Motor Number One as listed below.

cocno.  TWR-18519 voi
PAGE
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o petermine the performance of the Three-in-One Gage dual seals in

working environment using a 70-1b motor hot firing.

7.5.3 Results and Discussion

The 70-1b motor ballistic results are detailed in Table I11. After the hot
firing, there was no evidence of hot gas past any of the gages On the motor.
The vent port saw a maximum pressure of 590 psi, while the chamber pressure
ports saw a maximum pressure of 836 psi. Swab samples verified no gas pas-
sed the primary 0-ring on the Two-in-One Gages, the Endevco 85308 Pressure
Transducer/Adapter, OF the CEC 5000 Pressure Transducer/Adapter.

At disassembly, the torque paint was verified to be intact before the

gages were removed.

7.6 BURST TESTS

7.6.1 Introduction
Two burst tests were conducted to determine the structural integrity of the
gages; both a Two-in-One and a Three-in-One were tested.

The pressure Was jncremented gradually with an analog scale and not in
500 psi increments as called out in WTP-0175 as digital increments are not

possible.

The 7U76436-03 S/N 01 Three-in-One Gage was burst tested at M-9.
Before the burst test, the gage was placed in an oven at 180°F for 15 min to
guarantee a 175°F heat soak. After the 15-min soak time, the gage was re-
moved from the oven and installed in the test chamber and subjected to the

burst test in accordance with WTP-0175.
7.6.2 Objectives
The burst tests were performed to support the following objectives:

o petermine Two-in-One Gage bursting pressure at 175°F.
o petermine Two-in-One and Three-in-One Gages bursting pressure at

ambient temperature.

REVISION pocne.  TWR- 18519 vou
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7.6.3 Results and Discussion

Results and  >=—==—

During the 175°F burst test the pressure wa

s increased from 0 to 20,000 psi.

A pressure of 20,000 psi was held for 2 min and then the pressure was re-
duced back to 0 psi. The pressure trace during this test is shown in
Figure 3. The periodic pressure fluctuations during the 2-min hold period
were caused by 2 small leak in the high pressure line to the test article.
The leak was not caused by the Two-in-One Gage. The tested gage showed no

visible evidence of leakage or damage.

During the ambient temperature purst test, the pressure was jncreased

to 20,000 psi and held for 2 minutes.

0 psi. The pressure trace during the am
shown in Figures 4 and 5. Visible insp

or leakage.

The pressure was then decreased to
bient temperature burst test is
ection of the gage verified no damage

Table III. 70-1b Motor No. 2 Ballistic Results

Ambient Temperature
Propellant Weight
Nozzle Initial Diameter
Nozzle Final Diameter
Total Action Time

Total Burn Time

Burn Rate

REVISION

P

89181-1.17

70°F

73.4 1b

0.479 in.
0.608 in.
82.59 sec
81.10 secC
0.382 in./sec
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MODE : FCS EXCITATIUN = 4.9999 V.DC
REF.STD: 16854 SENSITIVITY = 15.140 MV/V
SHUNTS: N MV/V POT QUT = 0.8720 MV
INS.RES. *N& MEG $HMS CONVERSION FACTOR = 1.32103305
L.OAD RUN 1 RUN 2 RUN 3 AVERAGE AVE-ZERO % F.S5. HYSTERESIS
— 0= 0.001 0.001 y. QOO0 0.001 0. 000 Q.00
20i= 15.136 i5.131 15,138 15.135 15.134 19.99
40%= I0.268 30.279 I0. 290 30.279 30.278 40.00
~ HOV.= 45,4172 45,424 45,420 45%.419 4%.418 &E0.00
80%= 60.561 50.571 &0.5764 &a0.569 60. 5469 80.01
100%= 75.486 75.691 75.720 75.699 75.4698 100,00
8O%= &O. 572 &6&0. 584 60.586 &0.581 60.580 80.03 0.02
- 6Q%= 45,443 45, 4350 45,450 45, 449 45,449 HO. 04 0.04
F0%= 3. 303 30.310 Te.316 IO, 310 30.309 40.04 0.04
V= 1%, 100 1. 171 15,1862 15,164 15. 1464 20,03 0. 04
- L= 0. 004 0. Q& G. 007 G006 0,005 0.01 1. 01
YeRtHK DY T Am-R2.64EE-0E  Bel 7E703EFPT C= 1LAE-U7 Vel
Riv= L PPGTIIVTI ;*32}
— 5-u& J
ALIGRATING TECHNITIANTS “TAMP
FROAMIERIOLIIIESER . EomL, TS T X 3N FREFORTT
- 2 < o ER - - :":(‘ :';':"7,,‘
iRl s ELET hE) ./~°FRDV
- - - . Aea i i
sLoa !l Tl LiZL] :EN:.! nx:v CthT M.
- ELEC TR ICAL LINEETITY HYSTERESIS
SRR s SIS WA L0
4 .0
— o i kg
i O,

5,01
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Tce

pe St 06 K
— ) ) 01629
TRANSDUCER CALIBRATION WORKSHEET oS
sSTEPrS SHLUNTS %X OFF.S.
MANUFACTURER MODEL SERIAL NO. NGE
MTI 7U76436-02 01 ,020 INCH . |
ANNEL CALIBRATION DATE EXCITATION 2 LOADING INSTRUMENT
g JULY 1988  |4vPP @ 202KnY 15023 :
BAROMETER MEGOHMS YO GROUND BATTERY STANDARD
' | 25646 s
LOADING TECH. RECORDING TECH. COMPUTING TECH. READ OUT
16783 25646 .
D SENSITIVITY COMPRESSION F 8 AVERAGE F.S.
DOUBLE SHUNT 5
O sinLe swuny SHUNT MODULEK - TENSION F 8. CONVERSION FACTOR
[ receiving inse. MV v ¢
ALPOP:;E: DISIﬁN CE OUTPUT I vo LTS DC AVERAGE % OF F.8. LIN HYS
zout | INCHES | RUN 1 RUN 2 RUN 3
0 0 0.107 0.110 0.109
20 .002 0.494 0.497 0.503
<0 .004 1.189 1.199 1.172
= .006 2.100 2.106 2.097
- 8o .008 3.116 3.112 3.103
100 .010 4.110 4.097 4.102
N °° ,012 5.022 4,995 5,006
°° .014 5.836 | 5.795 5,807
“° 016 6.537 6.492 6.504
B * 018 7.130 7.090 7.085
° 020 7.634 7.575 7.578
- e 018 7.130 7.090 7.084
—~40
016 6.545 6.501 6.508
- 0 014 5.839 5.808 5.813
-ee .012 5.029 5.015 5.017
- roe .010 4,124 4.094 4,113
—°° .008 3,120 3.097 3,129
- —s° .006 2.108 2.079 2.097
40 .004 1.206 1.191 1.203
*° 002 0.509 0502 0501
_ -~ 0 0.110 0,112 6.-110
Z ouT J




ECES L T

itaad
3l
!
R
s
-
.
4

I e T E PAT B NNV TR G N I = 1

L @r-11-89

THIOEOL
NAMUFRCTURER

SESIAL 8 DATE/APPROVAL

i e

4
- I
'L‘.

O.T0. 1000 FSI_ 1Y/ S S
RANBE GL & / M3DE EXCITATION v, 3L, ’& 5Eh~ / .".\'N SHUNT MOD.

ELECTRICAL LINEARITY HYSTERESIS
SIMUL AT M 100%= 100,00 = 0.2
#1 = DLl Buk= 79.94 &Y= !
#2 = vy, il GO = 52.78 4O%= QL&D
HL = DL D {40%= 39.82 Q%= 0, B2
#4 = D, Ah= 19. 33 0= D67

TTRetE T T U TRIRING BAY I NO. FIRINGS 1 REMARKS
UEERAARNES T SOIED Y 00k BRI e LN

nﬁnarngfunsr'w"‘“'""“. “WODEL 0

OLT0LIVDD BELL 7/ S a0 1.
RANGE St o4/ MODE tXC TN‘DN ¥, Dc,. le SENC / FVN Q-ﬂm’ F"D

ELECTRICAL LINEARITY HYSTERESIS
G 10T INTCE 2 [ PRI TH ERE
SRSy pove 79, :

B U .
LG RN L VI i S

OF POOE (JUALITY



R

. N
[ -

D

e

’

AL

TRANSDUCER WORKSHEET I AP 27
MFG. : THIOKOL MV/V SHUNTS -ZERO  %F.S. SH/LIN
MODEL#: 7U76436-05 . ZERO= _-0.004 0. 000 ‘ .
SERIAL#: —03 #1 = 0.005 0.009, 0,01 0.01
RANGE: O TO 1000 PSI 42 = 0.000 0.004" 0.0t 0.01
DATE: 07-11-88 #3 =  -0.002 0. 002 0.00 0.00
SL#: nia #g = 0. 001 0.005  0.01 0.01
READOUT: 24158 TEMP.DEB.F ‘= 72 .., ‘ .
MODE : POS EXCITATION ™=  5,0000 V.DC
REF.STD: 26793 SENSITIVITY = 12.789 MV/V
SHUNTS: MY /Y POT OUT = 0.9340 MV
INS.RES. >1K MEG OHMS CONVERSION FACTOR = 1.56381132
LOAD RUN 1 RUN 2 RUN I AVERAGE AVE-ZERD % F.S. HYSTERESIS
%= 0.000 —0.006 0.000 -0.002 0. 000 0. 00
20%= 12.338  12.365 12.376 12.360 12.362 19.33
- 40%= 25.260 25.273 25.275  25.269 25.271 39,52
60%= 38.198 I8.274 38.195 38.222 38.224 59.78
BO%= 51.032 S51.260 S51.056 S1.116 S1.118 79.93
100%= 63.902 63.968 63.967 63.944  63.946 100.00
80%= 51.290 S1.416 S51.290 S51.332 S51.334  80.28 0.34
bOY= 38.535 38.559 S8.542 38.545 3B8.547  60.28 0.50
40%= 25. 669 5.71%  25.682 25.688 25.690 40.17 0.65
20%= 12.875 12.842 12.937 12.885 12.887 20.15 0.82
= 0. 420 0.432 0.424 0. 425 0.427 0.67 0.67
=A+BX+CX~2 A=-.112762 B=.631230999 C= 1.013E-04 1£k1
RR= .999974814 i
CALIBRATING TECHNICIAN'S STAMP
——TEANSDUCER CAL. IBRATION REFORT
THIOKOL __ 7U76436-05____ —03________ 07-11-88__\sws/_
NANUFACTURER NODEL # SERIAL 1 DATE/APPROVAL
Q_TO_1000 FSI_ MA . .. FQS _9.0000_ _ __ 12.78%9 .
RANGE SL # / NODE EXCITATION V.0, MV/V SENS./ WV/¥ SHUNT NOD.
ELECTRICAL LINEARITY HYSTERESIS
SIMULATION 100%=  100.00 80%= 0.34
#1 = 0. 01 8OY%= 9.94 bO%= 0. 50
42 = 0. 01 bO%=  59.78 4oy 0. 65
4T = 0. GO 40%=  H9.52 26y 0. 82
#4 = 0.01 20%=  19.33 oY= 0. 67

ORiGHeLE ©AGL i3
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PRSP bt
NODEL

U ”/0 :"rﬂ'rﬁ .
RANGE

ELECTRICAL
SIMULATION
#1 Q). O
#7 = 0,00
I 0L QO
G = 0,0

FORING ey

ELECTRICAL

SR NT DN PRI

M1 VL

SL ¥/ moLg

MRS LR

LINEARITY

eyE 100, QO
JO. 02
O, 02
4G, O}
12,98

07
SERIAL §

.o oy
\."‘ S b
a0

R L Ao i

Ul Vil

OF

Q7 e P7=11-88 3

DATE /APPROVAL

nm"=EN=.} MV/V SHUNT XG5,

HYSTERESIS
BOY=

-, 0]
U, i)t}
SRR
=,

IRV

QU= I e

NOLOFIRINGS ! T

B = S o T

WV/V SENS.: WV/V SHUNT G2

HYSTERESIS

B T

i 2

Gaotl- LR
=

PR R

s Lia ity

pom Qm.;..w

3 \x.w
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L TRANSDUCER WORKSHEET I

MFG. & THIOKOL . MV/VY SHUNTS -ZERD  %F.S. SH/LIN
MODEL#: 7U76436-04 'ZERD=  8.000 0. 000
. SERIAL#: -07 T T s m o= 8.001 0.001 0.00 0.00
Y RANGE: .0 TO 1000 PSI w2 = 8.001 0.001 0.00 0.00
<. DATE: 07-11-88 LO#3 = 8.001 0. 001 0.00 0.00
T SL#: 7/ T W4 = 8.004 0.004 0.01 0.01
READOUT: 24158 i TEMP.DEG.F = 72 -
MODE : FOS <ty JEXCITATION = 5.0000 V.DC
- REF.STD: 26793 Y SENSITIVITY = 15.220 MV/V
SHUNTS: M™MV/V : ~ POT OUT = 18.1570 MV
INS.RES. >1K MEG DHMS ... CONVERSION FACTOR = 1.31407771
. LDAD RUN 1 RUN 2 RUN 3 AVERABE AVE-ZERD % F.S. HYSTERESIS
O%= 7.999 8.000 °  8.000 8. 000 0. 000", 0.00
20%= 23.198 23.215 23.200 23.204 15.205 19.98
40%= 38.439 38.456 - 38.451 38.449  30.449  40.01
60%= 53,669 S53.688 @ 53.674 S53.677 45.677 60.02
BOY%= 48.875 6B.909 68.894 68.893  60.893 80.02
100%= 84.088 B84.112 B84.096 B4.099 76.099 100.00 :
BOY%= 68.873 68.896 68.900 68.890 6£0.890 80.01  -0.01
60%= 3.668 53.6B4 53.66B S53.673 45.674  60.02 0.00
40%= 38.416 38.465 I8.437 38.43%9  J0.440  40.00 -0.01
20%= 23.177 23.200 23.184 23.187 15.187 19.96 -0.02
%= 8.018 8.018 8.007 8.014 0.015 0.02 0.02
Y=A+BX+CX~2 A=-8.90499999E-03 B=.761607999 (= -4.83E-06
RR= . 999999868 @
CALIBRATING TECHNICIAN’S STAMP
__TRANSDUCER _CALIBRATION REFORT
THIOKOL ______ ZU76436=08___ _ =07 . __
RANUFACTURER MODEL 1 SERIAL #
0_TO_1000 FSI_ WMREOS__________  _ S.0000____
RANGE SL 9 / MODE EXCITATION V.DC. WV/Y SENS./ WV/V SHUNT MOD.
ELECTRICAL LINEARITY HYSTERESIS
SIMULATION 100%= 100.00 80%=  —0.01
#1 = 0.00 go%=  80.02 60%= 0. 00
#2 = Q.00 60%=  60.02 40%=  —=0.01
#3 = 0.00 40%= 40,01 207%= ~0.02
- #q = 0.01 - 20%=  19.98 0%= 0.02
om&";'k’ﬂj :.")‘ﬁ wne e
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MORTON
MANUFACTURER

THIOKOL e
NODEL 4

1000 FHl
RANGE

N

ELECTRICAL

LE08

oL/ MopE

LINEARITY

Lm

SERIAL

_4.7969 .
EXCITATION V.IL.

DRTE/APPROVAL

WAV SENS. / MYV SHUNT WO,

HYSTERESIS

[

1007= 100, ot 07, = -, 01
BoO%= 79, 9E Sy
LOY= 5o, 950 {Oyy=
4O%= ER.96 PRy A
20U 19.97

SIMi.ATIOM

#1 = (O, 00
H#2 = 0. 00
#3 0. 00
#4 0. 00

-, O
~0.05
-0, 08

GOm0 G4

ion

TREMARES

FIRINGS |

FIRING By 1 NO.

TDATE 1

4 ] t
' 1 i

1 1 t
) ) I

TYy7eé6q43c-04
St ReE O

NODEL $

FQETON_THIOEOL
NANLF A TURER

FOS 4, 9969

EXCITATION V. o,

1000 FSY
RANSE

NZA
SL 4 / MODE

LINEARITY

R P

ELECTRICAL
STHUN &1 Foi
w1 = ol IR 1=
42 - RIS Soas o Teel G
#3 RPRRIE TR T
#5 = IR F x

LR

ins TR : El TR Ay Coomil
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TRANSDUUCE M
MFG. : MORTON THIOKOL
MODEL#: 3
SERIAIL#: o5 0%¢ ey . .
RANGE : 1000 PSI
DATE: G7 /06768
SL#: NG
READOUT: 24153
MODE : POS
REF.STD: 16854
SHUNTS: MV /Y
INS.RES. *N/A  MEG OHMS
LOAD RUN 1 RUN 2
%= 0.001 -0,002
20%= 13. 164 3. 223
40%= 26,337 26.468
&0U= 39.555 39. 707
£y, = 52.786 0 52,95
100%= bb. 0O  bb, 170
8O%= 52.801 S2.910
LY = TY.TR6 9. 674

26,419
I3, 161
-0, D08

RATE R TR A

FiR=

EXFRE]

-
hE i Joind

03

me | 21 5E--
FRPFPICO4

ELECTRICAL
HIMU 5P IO
§i0w S
o
A S
e

WORKSHERETN I AR 28 A1
MV /Y SHUNTS -ZERO ZF.S. SH/LIN
IERO= 0.001 . 000
#1 = 0.001 1. QOO0 0.00 1. Q0
B2 = 0. 000 -0.001 0.00 0. 00
#1 = ~0, 602 =0, 003 0. 00 0. Q0
Haq = 0.001 0.000 0.G0 Q.00
TEMP.DEG.F = 74
EXCITATION = 4.9969 V.DC
SENSITIVITY = I3.2358 MV/V
POT QUT = 2.1860 MV
CONVERSION FACTOR = 1.51200332
RUNM 3 AVERAGE AVE--ZERO % F.S. HYSTERESIS
0. 000 0. 000 Q. 000 0. 00
13.228 13.205 13.205 19.97
26.474 26.426 26.427 39.96
39.690 39.651 39.651 59.95
32.947 52.896 52.897 79.98
b&6.197 66.137 66,137 100,00
E2.965 52.892 52.892 79.97 -0.01
29,693 E7.5614 37,614 39.50 ~0.05
26. 448 26,7396 28,397 37.91 —0.05
t3.171 13,153 13,1859 19.89 -0, 08

~0, D54 =0. 030

He=, L0 1RR2G99 C=

FALIBQA1ING TECHNICIAN®S

-0, 0329 =0.04 =T, 04

1.2253E-08

STAMF

oo BgRT.s ¥4V SPUNT MDD,

ORIGHSAL PACE &
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7H74436 -03
MURTON _THIDKOL, e . e 14 15 S 07706788 __

NANUFACTURER NODEL # SERIAL # DATE/APPROVAL

S -
ENS./ MV/V SHUNT NOZ.

N/ZA U o 15 L D0 2

=2
SL 4/ MODE EXCITATION V.IL, L

i@
§

ELECTRICAL LINEARITY HYSTERESIS
SIMULATION 100%= 100,00 80%= Q.03

#1 = 0. 00 80%= 79.99 A= 0.05
#o o= Q.00 &HQY= 59.98 40Q7.= ¢.08
#35 = Q.00 - BO%= 39.96 20%= 0.08
#4 = 0,00 2QU= 19.%94 07.== 0.05

DATE  § FIRING BAY | NO. FIRTNGS 3 REMARKS

1 ] 1
1 1 1
1 (] 1
1 I !

MORTOM _TtilQKOL,
NANUFACTURER

OQ7/06,88
DATE/APPROVAL

1000 PSS . NZR . FipE (22500 o

RANGE SL # / MDEE EICITATION V.00, MV/V SENS./ MV/V SHUNT MGL.

ELECTRICAL LINEARITY HYSTERESIS

STHMULATIGHN By, i R
RIoaw i T, 9w 07
#Y 0, e NIRRT
#4 (PR T: 0,08
4t ' 1N [ I
[RSY P ; ST R INTEY ‘ 5 "
)

o

U{u\;mvu. PAREL 3
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THRANSDUCER

MFG. s
MODEL#
SERISL#:
RANGE :
DATE:
Sk
READOUT 2
MODE :
REF.STD:
SHUNTS:

INS.RES. *N/A

LOAD

O%=
20%=
40%=
&0%=
8Ox=
100%=
BOY=
607=
q0%=
20Y.=
M=

Y=A+BI+0A2
RR=:

- POS

WSO R K S

MORTOMN THIOKOL M, MYV /Y SHU

T ——BAEE AU 643643 .
Q1 . . #1 = -

1600 PSI H2 = -,
Q7/706/88 #2 = -0,
N/& 4 = -},

TEMF.DEG.F
EXCITATION
SENSITIVIT
FPOT OUT
CONVERSION

24412

146656
N MV/V

MEG OHMS

RUM 1 RUN 2 RUN I AVER

0. 000 ~0. 002 0.001 0.

12.482 12.484 12.487 12,
24.991 24.993 24.999 24.

37.506 37.516 37.524 7.
S50.019 S0.034 50.045 30.

&52.556
S0. 065
37.549
25, 045

62.557
S50.057
37.551
25,049

-

&62.542
S0. 035
37.531

25.048

S0.
37.

o

12.542 12,853 12,5330 12,
¢. 048 CL 033 0.019 0.

G==5. 132E-00 EHe, 5247322 (O=

. 99IPF9P4

\IEL ¢ 523
P e
SR B, HAS i

ELECTRICAL
SIMUL AT TON PRSI

#1 - IS

[ Ly, i R
3

FA BT

F

Q‘?‘-‘s‘ﬁlj"*‘ a

62.552

ET I & 28

-ZERO “F.S. SH/LIN

G, 000

NTS
w02

Q.00

002 Q. OGO O, 00

ol4 -0, 002 0.0 Q.00
QO3 —~J., O 0., Q0 D.00
Codq -0, 00T ¢L00 J.00
= 74

= 5.0001 V.DC

Y =12.5910 mMv/V
2.2470 MV
FACTOR = 1.59866991

AGE AVE-ZERD % F.S5. HYSTERESIS

Q.00
19.96
39.946

Q. 000
12.485
24.995

o000
484
995

S15 37.316 59.98
G33 30.033 79.99

62.552 100.00
032 0,053 380.02 O.0F
SIS0 37.551 &L O3 Q.05
047 25.048 40. 04 G 08
S3G 12. 853 20, 04 Q.08

0. 03 0.5

G323

G, 85K -06

CALLIBRATING TECHMICIANTS STAMF

e o e o
b BRI Al

v eemge 1 - g et mmyem '.. “ger oo - .
HTRTION v, 2l KUy SENSL S MV Ieond MOL.

R

T O

L AT

GF FCEN I



Appendix B
150 Percent Over-Pressure Test
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Appendix C
70-1b Motor Number One
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70-1b Motor Number Two



poo%

Koo § VOL.SIMULATOR V-2
poll 7\;/]/

15" .
0 . ENDEVCO
. — 330 TRANSDUCER ASSY

/7
VOL.SIMULATOR V-2 O ¢ 0)

79—

po001 —

CECS000
TRAISDUCER W/ADAPTER

NO RN x O
.—/////
o1 1 o
)
165% 80"
TANG

LOOKING AFT



J0LZ 4¥ 2009

00L2 4¥ 1004

LY ‘
ebhE ALY { F0QX
_ £a0y

NOTLVINSN]
SIA3D



M4 ONINIOOT
SIA371D

h00d

VILIpOY o0 ¥I3ongsvydL
000s 230 K2

\' |m.00Q

AU 4 =P
I=A HOLVINWIS I0A

.0L2 T=A HOLVINWIS I0A
oL (2

TO0d

q 662
YILdYoy HA'M ¥ Fnosniryl g
) POLS3 Owngev3y 95
ol19d




B

-
-

!

L]
AT

i

T2
1

G4t

2L
AU

140

r l:";'

! .,r' l‘._‘
23

1G4

-
-

L

x|

i

sH Ba

)
-

5T

t
,

L

{AX]

TATIC TE

-
I%Y

# MOTOR

5

-

<M

K

Dand

o

1 B0

v v~ X T R
Doy it LN ’#’ Ll
o T N 3

Ty 7o 150 Lt

) L 1 ingd

O s L

....
R
-

] O

a1

v

TIHE

-



1

A

L

=V SIS

T

o
=

)
2

TE

-
-

STRTI

-,
-

1

R Pa# MOTOR

'

Lo

TR E

o
A
LK
i
LI
. &
T

=
]
ol

i RN

i)

o

IginE

. E.— l».._'.-
taet Lves Vase? lear

¢ -

TIM



P

LJ

i

-

f

o

—

v

AREDES P

K

“H B

R

T

-,
e
Oone

- TES

STATI

A MOTOR

4

L)

=1

"

o)

o
L)

$eid

-1

(A

r— gl
XK}
-
(X
l‘cl
-
&
<
E J 4 R B
o)
aX]
T T 111=F'r-|-l"'|"|L T 11 rrrrl 111 il

- T ~ AN X%
me D) U] i ‘_ll | #I ! Ay HOM]
i P 1 (300 (WX o

+ - > =
L HY T (A s | i

G L —I

v J

-,
o,
v

LSRR

A
.

oer’

PR

¢, SEI

...
E
-

TIM



L

AT
Vi

i
'._L-l 3?:’5 o
i
.!- -
[] ]
r\: =| l:':!
. (AR
=
Y
i
ﬂd- =
e
50
o
Gl
XY
& &
1 ‘ﬂ
Fa

\'.
LR

TEST

46

ITETIC

ITOR

T

= (&Y
O

. .}

]

.-‘

-
)

—
il
B S S S e e M B S MU RN St R B B B B N AR MR DL IR B DL L DR B et
o R ] | ] 1 oo
oot L = U | il
3 o o — —

G Tt O T

' 2

(g0

0%

TIME < SEC



C TEST

T STRTIC

"a# MOTOR

SRM

—~
1)

/

fod
Lot
-

o)

)

SN XA R T

10 i
U 151
Lo L]

-
l;I
iy
o

K

LS

CRSN

SEl

TIME .



SoHoag

STATIC TEST

"o MOTOR

-
1)

SKM

] i i ] ] ]
R | L | I ' I l ' ’ i l ' LI

100 it 15t A} ) [}

) i Do) t'_;? |;_-:| ]

L I ~r (A " —

L EnD

1

FX

L EM

-~
[
-
Lt

49

-~
(iR}

J

R

Q=L

xS

MO

-~ -
SEC

4

TIME



M

o
~

STATIC TEST

a4 MOTOR

nd

SRM

e |

X
Ot
Ly

i

1608

—
) ::E'
DOU

(X

46

™1
!

P
-t o

SECORD:

TIME <



Fa# MOTOR  STATIC TEST

-
t

SRkM

16

pu
iat
0L
—d
o
o
d
Q
'3.
p—
!
Y
-
'__".‘,
aEe ﬁ%a-n-rﬁ-r-ﬂ-rww-ﬁ- =
X oy v (N} % 7 %
% Doyl iz oy [N} 1
v [Ty T 7 ) -~

DA DATRN

SECOHDS

TIME «



S M

STARTIC TEST

"R MOTOR

-—

M

Dang
e}

o]
-
L =)
e
-
=
L]
-
o
v
o
Y]
0]
-
! T T T i
I 1 X} e} ey ]
l?:l i ) o G
Y] 3] Ly} T (3|
—

o Sy QeI

.
LN

L

1

=EY

TIME ©



STARTIC TEST

RM vo# MOTOR

.\
=

-

(Y
=
r~ E:I
0
=
L
T o0
P
o
T
p—
(Y]
"
.
o I L llq-+7“ilx U O R T R O L LB bt
i ) i 0 A i oo
(n R (AN ) D] i
Lo i 101 o ) ~

Lot O =TI

'

ECOHD=

~

TIME €

-



STRTIC TEST

Ta# MOTOR

[l
el

=R

s
bt

=
1!

i

-~
Il

Lo

45

(Y

)

(2[R

]

-
"

TIME o



TATIC TEST

<

SRM TO# MOTOR

hat]
o
L
D _
RN
1—-{
J
= )
- f— i
"1
NN}
-
=
LSW
=
X
g
-
(n)
d
{
=
/ -
L LI LI

ot} i
v, Sl
L3R ] _‘:l
QI Lo

1m0 A
o 1

+ &

O (2T

ol
140
=
1)

R

RN
<,
1)
*=t

—
T
Tl

IO

-

R

o’

]

TIME o=



STATIC TEST

¥ MOTOR

o

SRM

ot

vl

Xy

:

4

pum
o~
T T il
Lo " s T
11 = 1:_-:0 1k l;l LIO¥
N et
1=t i Tt 1) 1t

1 ] L b g X8|

OtV £ 07—~ T

-
P:' 1

M=

NS

B

g

TIME



~EI,

.
S

55|

S

(h

STRT

va# MOTOR

=R

A\
e

T

DT

nr R T

1

-y —
L)

[

S

X 12t
v o
i -t

T
AT T v

-

LER R

[

3
Ry

o~
E Y

t I[

-—
(RN

i

(P
-
-t

S INAiS IR

TIME ©53



1L

STATIC TEST

“a# MOTOR

-

R

1
o
pa
X
L3 £|
pu
LA
L K3
-
-y
N
4
T ! T 1 i =
i i i i I =

o Lol L T 0l

A S

.
o

ML

)
¢ P’

.
!

o

TIME o



STATIC TE

4
~

# MOTOR

A

SRM

I LI L | IR BR BRI F 7 T
o U i Ty ot ¥
iy 1) & [ ¥ £
i —{ Lo |

LR A B |
A RN N

15

1

-
LA
-

DA

ot

—
-y
-q. -

RiginE

AN
%

-
-

«
E

TIME ©3



R T

Sl

1

-
i
L0
-
ot

el

TEST

.“
[N

".L‘

STATI

~

—
R

# MOTOR

"

—

SN

0

I T L L L L B LR &
[y T Xy M oo
by - i o
=i

-

‘
o~

-y

s

‘

-
-

TIH



1Ens

TEST

STATIC

N

-

# MOTOR

e

vy

W

..-.
s

-
X
0
=
—
L _"__(
LY &)
o
"?
=ad
-
1 :_-,_l
)
pu

-
-
-
-
-
L

1503

] iy kY I HE
Py [ U Y
Il

NG I Oy W

- e,

RO

B

-,

TIME !



17

-
]

N

il

-
i

4 FoH

TATIC TEST

] Dy
~ -

# MOTOFR

0

-
\

I

l.-\
.y

Eae( o

s s

——
-
Py ¥

L

o oo, =2
R AN XYL
MU R IOURN I

b g

‘—qutF T 1 T 7 T | U7

KA T ) U7 N {7 T
¥ t) (! [~ B i)

i i

11

it

1

g

7

A

Lh

E OIS

-

TIME <!



SANNOd NI F3¥NSSIId

60— L€ €L LAFA*L°] c'66%1 1'0¥91 €°%€91 g'e2v1 g'cle 1'g— e
1’ e R —————— Oo1—

T~ [

DN | o

\ oz

/ og

/ o

\ 0¢

/ \ 09
\ /

\ ] .
N /
/!

I OT11
- 4
oc1

LON/S ¥Y0—-9€¥9.2n2

LSdL HINSSAUYdHTAO

SLTOAITTIN



MORTON THIOKOL. INC.

Space Operations

REVISION

89181-1.1&

Kecipient

[

f.l

o

I O M o

. Black

Chetaru
Clark

Duersch
Larocht:

. Gittens
Ot
. JENSen
. Kapp

. Larsen

. Mijes

Morgar

Sanofeky
. Stevens

M.
R.

Williams
Papasian

Prirt Cyit

Pate Management

Library

DISTRIBUTION

No. of
Copies

1
i

1

= = 3 s e

s

—

Lo
M (Y

Mail Stop

DOC NO.

L36
L34
F12
814
L36
851
L36
L36
L20
thl
£E14
LIC
¢e?
56TE
L36
ECS
R
L22E

ki3

THR--1€519

[ voL

SEC

l PAGE



