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APPENDIX A

Integrated Circuit Logic



Integrated Circuit Logic

Descraption

Texas Instruments Series 51 IC's are used throughout the system,
These Series 51 ’i'ntegrated circuits have been designed for high-

speed, general purpose digital applications where high d-c noise
margin and relatively low power dissipation are important system
considerations. Definitive specifications are provided for operating
characteristics over the full military temperature range of -55°C to
+125°C.  This logic series includes ti1e basic gates, flip-flop elements
and complex logic and storage elements needed to perform all func-

tions of general-purpose digital systems.

Comprehensive laboratory tests were conducted at Marshall Laboratories
to determine noise immunity data of these units at temperatures of

o o]
0 F to 130 F, The results are tabulated in this section along with

the manufacturers specifications,



TYPE SH5T7A

I ERRm GIROwRe”
? DIFFUSED SILICON “CLOCK DRIVER” NETWORK

1 sEICONDUCYOR NETwORKS T

A SERIES 51
. MICROELECTRONIC “CLOCK DRIVER” NETWORK
FOR APPLICATION IN

¢ Digital Computer Systems @ Data Handling Systems e Control Systems

description

The SN517A semiconductor network s designed for use as o low-impedance “clock driver’’ for Series 51
bistable networks The SN517A will drive up to 20 clock pulse inputs and s fully compatible with other

uniis i Texas Instruments’ Series 51 line of low-power circuits over the entire military temperature renge
of —55°C to +4-125°C,

logic dingram

CLOCK . - Locic

INPUT OUTPUT
DRIVER
A A

mechonical data ORDERING INSTRUCTIONS
SOLID CIRCUIT Semicenductor Networks are mounted
in a glass-to-metal hermetically secled welded pack-
age leads are gold-plated F-15% glass-sealing ailoy.
Approximate weight 1s 01 gram. All external sur-

MECH PAK
CARRIER

Hot Applicahle

HO MECH PAK CARRIER

Lead Length B 185 inch

Formed Leods Hoe |He Yes | Yes [ No Ho | Yes | Ves
faces are mctallic and are msulated from leads end |20 2
arcutt The SN517A s availabie with formed leads, | tuselaters Ho {Yes | Ho | Yes | Mo | Yos | No | Yes
nsulator attac™-ed; and/or mounted i a Mech-Pak [ TOrdermg None | —8 | —7 | =1 2| —a| -4 | —s
carrier See or. 2ring nstructions Sulfix
A
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ol oies (Belegets
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GLAsS
10 HACES
v rocn ~Fe000tz0 007
e oma R0 .
0010} :
HOTES o AIl dimecsiens in iaches
b All dsamals 30 005 excepl cs neled
¢ Lead spacing toleonce 15 =t 015 ol extremilies ond =V 0 0DS at package, nonaccumnlolive .
¢ Lead cenferlines ore localed wilhin 420 005 of thair frue posihions relative fo bedy etnterhines
OQUTLINE DRAWING — SEMICONDUCTOR NETWORK WELDED PACKAGE
FPotented by Texos Tnctruments Incorporated

LF 15 1 the ASTH designation for an 1son auckel tobaly oHoy contmming nominally 53% iron, 29%, neckel, and 179 cbelt
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published at a lster date

TEXAS INSTRUMENTS
INCORPORATED
SEMICONDUCTOR COMPONENTS DIVISION
POSY OFFICE BOX 5012 + PDALLAS 722 TEXAS



TYPE SN517A _
DIFFUSED SILICON “CLOCK DRIVER” NETWORK

absolute maximum ratings over operating free-air temperature range

Supply Voltage, Voo {(See Note 1) . . . . . . . . . .
Input Voltage, ¥V, (See NetesTand2) . . . . . . . . .
Operating Freo-Air Temperature Range . . . . . . ., .

Storage Temperature Range . . . . v . . . . 4 . .

ROTES T VYoltage values are with respect to nelwerk ground larminol

electrical characteristics

2 Input signals mus? be zero or posthive with tespect to network ground terminal

. . - - . -

-55°C to 125°C
—55°C to 125°C

+8v
VYec

Vee=3v Vec=6 v
UNIT
PARAMETER TEST CONDITIONS MIN_1YF MAX|MIN TYP MAX]|
Netwark Dissipation Output tow , T, = 25°C 7.5 33 thw
Output High, T, = 25°C 3.5 18 mw
Fan In Ty = ~55°C to 125°C 1 1
D-C Fon Qut T, = —35°C to 125°C - o ¢
A-C Fan-Out (See Nate 3) | T, = -55°C to 125°C 20 20
input Yoltage That
Wil Ensure
QFF Level T, == 125°C 1.15 2 v
T, = -55°C 16 2.5 v
ON Level T, = 125°C 022 03 ¥
T, = -55°C 0.4 05 | v
QOutput Yoltage ~
OFF Leval Ty = 125°%¢, ¥ out not clamped, Fan-Out = 0 2.5 5 v
T, = 125°C, vV, clamped, Fan-Qut = 0 0.95 125 114 21 v
Ta = =55°C, V4 clamped, Fan-Out = 0 125 1.5 117 26 v
ON Level T4 =125°C 0.22 03 v
T, = ~55°C 0.22 03 | v

NOTE 3 When drlving clock anpuls of SHS10A, SHSTIA, SHS10N, or SH511Y, pin @ of ths SH5I7A should ba geaunded {clomped) fo limit the outpu! valtoge When duving

SHS11Z or SH5113 clock Inpuls, outpul voliage sheuld not be clamped and pin @ should be connected to Yoo

=]

TEXAS INSTRUMENTS

INCORPORATED

SEMICONDUCTOR-COMPONENTS DIVISION
FOST QFFICE BOX 5012 ¢ DALLAS 22 TEXAS



TYPE SN517A
DIFFUSED SILICON “CLOCK DRIVER” NETWORK

switching characteristics, T4 =25°C, a-¢ fan-out =20, V,, not clamped

Vee=3v,V_ =2v |V, .=6v,V =4v
PARAMETER TEST CONDITIONS C;’YP TN “‘;’YF r HAY oNIT
S R yme | Inpt tgnel 3 = 1 = 100 nsec 200 | 200 | e
t, Storage Tyme ;p "—;2 e, f = ;°° ke, 200 300 140 240 fsec
¥ Fall Time ee Figures 1 an 06 14 08 16 usec

schemuatic

CIRCUIT DIAGRAM
T@ Yeg

&

AAN
AN el

7 \

| |P_ﬁjj“”“—(l 0@ Vour

NOTES 1. Dotted connection shows clcn@ad condition.

2. Pins . @, @, and - no intemel connection.
3. Do nof make extemal connection at pin (8)

;
° TEXAS INSTRUMENTS

INCORPORATED
SEMICONDUCTOR-COMPONENTS DIVISION
POST OFFICE BOX 5012 o DALLAS 22 TEXAS



Ty SORED GRRGUERETYPE SN518A
(34 DIFFUSED SHICON “ONE SHOT” NETWORK

A SERIES 51
FMICROELECTRONIC ““ONE SHOT NETWORK
FOR APPLICATION IN
® Digital Computer Systems o Data Handling Systems @ Control Systems

logic diagram

Vin ONE Vout
SHOT

description

The SN518A 1s o versatile one-shot which has provision for external conirol of both pulse width and delay
No tnversion occurs from input 16 output, and the unit 1s compatible with all other Sertes 51 devices dver
the full military temperature range (—55°C 1o -+-125°C).

mechanical data

Solid- Circuit Semtconductor Networks are mounted in a glass-to-metal hermetically sealed package. Leads
are cold-plated Kovar Weight 01 gram All external suifaces are metallic and 1solated from leads and
crewt Mylar® insulators are available

4+
QOO
+ooia +0010
0750 " goo™ H -0035 7 oo
D027 —w] 1= - —{={|=-0 013
—, T S AOHNCOED 1_'__
afallnfia
1 ’{ cuohole
0 145 O RO
9185 {PIN 1
OHLY)
L t b . )}
| r
0125'f'gg£ ALt SN 05000010 |- !
{ i N XXX
- v o
i I
o010 MAX - D250 I ]
3]
¥
| +000 ~-}e- 0 004 =0 001
00,000 -
¢
All dimensions i inchesy
Top ond Lotlom of nelwork packago are conductive — Cicownt within packeye 13
elecineally nolated from core
OUTLINE DPAWING ~ SEMICONDUCTOR NETWORK WELDED PACKAGE
. 1
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EFOLET) SIS R R E
DIFCLNED SHICON “OnE SHOTY NETW

-
IR 7y
N5

absolute muximum ratings

Supply Voltage .
Input Voltage

Operating Ambient Temperature Range

WK CHARALT

184
URK

£:45TICS

N . .

. . .

8 volls

8 volts

—55°C to 1 123°C

Storage Temperature . . . . ., . . . . . . e e e <+« . . =55°C1o '125°C
network electrical characteristics
Voo = 3v Ve = 6v
MINT TYP  MAX MIN TYP  MAX  UNITS
[Network Disspation (T, =~ 25°C) T T
Inpet at High Yoltage 4 15 mw
Input at Low Vo]Iage 2 75 mw
Loading
Fan-In [MOTE 1) 1 1
DC fan Qut 5 5
Initial Input Voltage Required to Insure Sat-Up - o -
Prior 1o Megative Going Transitron of Input Pulse
Ty, = |25°C) 115 20 volts
Ty = = —55°C) 14 25 valts
tnpul Voltage Required to Insure One Shot Action
After Megative Gomg Transitron of Input
Pulse {1, =< 500 nsec)
(T, = ]25°C) 022 030 vols
(TA = —55°Q) ' G 40 050 volts
Cuiput Voltage
OFF Llevel (T, = 125°C, N = 0} 25 50 volls
(T, = 125°C, N = 5) 115 20 vells
ON Level (T, = —55°C, N = 35) 140 25 valts
(Ty = 125°C) . Q22 030 volis
(T, = -—55°C) 0 40 0 50 volts
Switching Time (T, == 25°C, N = D (NOTE 2) i
f = 40 kc, PW =~ 5 psee, ==t == 100 nsec Pulse Amp == 2 v Pulse Amp = 2v
DLIay Trme (Id) 100 045 65 Jsec
Mise Time (i) 215 300 165 230 niec
Fall Time (t,) 085 1720 085 120 psecl
Pulse Width ) 160 300 080 28¢0 jusec
[Tine 1o Reach a Volwge 1o Set
Fl:p Flop {r  (NOTE 3) 160 160 nsec

NOTES 1 A Fon-mn of 7 15 possible by canmecling an SHSIZA

be left untonnscted

2 Switching limes are ob.!mned with Pin 2 connecled

outpy) lermingl 1o Pin Mo 2 and Pin Ho & of dhe SNSI18A P Mo 3 of the SH31ZA shauld

to Poin & and Pin 4 connected lo Pin 9

3 This ts the delay tame necessary lo steer o zer0 inlo enther the R or S anputs of on SHE1OA/SHS11A

TEXAS INSTRUMENTS
INCORPORATETD
SEMICONDUCTOR COMPONENTS DIVISION
POLE QFFICE DUX 53012 v DALLAS 22 TEXAS

J—‘L@,



SORIE SERCWEDR” TYPE SNEIBA
" " i Ry
EBEE'FUS 5 SILEICON “ONE SHOT” NETWOR:
PULSE WIDTH AND DELAY CONMECTIONS
e P No T T ki Ne [ Comments
Internal T @ - @ ) )
- - > .- -
Increased Delay Cy
- — = e oD R
- K
or
Temperature Compensated Delay @ | Ca 12K == 8y = 4%
R, | {Typieal Range)
e . — & AV G
Pulse Width -~ -
Internal R 'y —@ T
— @.__-__.___._.._- e
Increcsed Pulse Widih Cpw {Sec Table Below)
- @0
. Ry
@ AMA 16
Temperoture Compensated Pulte or —
Vidih _ Cow 24X =8, =8K
@‘_’““""—_‘"'—“—'—'@ {Typteal Range)
Row
@ AN
OUTPUT PULSE WIDTH VS EXTERNAL CAPACITANCE (Cp.) - TYPICAL
t t
‘ e INPUT SIGNAL  V,,= 2 v (Ve = 3 v)
$0% 4v (Mcc=6v)
50% sdes v f =5Ke
p WIDTH N T
ULSE W 10% 10% Pt\,v =? se5‘:00nst.‘c
IMPUT WAVEFORM ST OF
VCC =3v Yee = 6v
PULSE WIDTH (psoc) PULSE WIDTH sec)
TEMP pw = cpw = pr = Cpu = pr = cpw = TE =P cpw = pr = pr = cpw - I
. |0006f | 600pf | 1000 pf |2000 pt | 3000 pf | 5000 pf 200 pf | 600 pf | 1000 pi] 2000 pf 3000 pf 5000 pf
+125°C 55 96 130 225 305 485 +125°C 37 61 - 79 121 155 228
1-25°C 44| 84| 20| 7215 a0 1 +25°C 27 | 46 65_| 105 | 145 | 220
—~55°C 24 51 80 155 22 36 ~55°C 20 34 47 ] 80 111 175
~ __?oz_nsF —-p Ly A
CIRCUIT DIAGRAM </ /
_®
I
Row g
Cow !
i
L
: '

R
-

—G GND

HOTE  When using mlernal fiemag, Pin Ha 2 slould be tonnacled to Pin Ho 6, Psn Mo 4 should be connscted fo Pin o 9, and Pan He 5 should be lelt unconnecled

o

y TEXAS INSTRUMENTS

IERCORPORATED
SEMICONDUCTOR-COMPONENTS RIVISION
POGT OFFILE DOX %012 ¢« DALIAS 22 TLXAS



j s FTPED SHOEUL AND SMATIY
, g ? DIFFUSER SILICON BISTABLE RETWORKS
5' 1'; T4 = rxs e PR ORI TN N gt MLt SR TR e mp mie Tom Y ey ,w - !g‘-u-, e s - N T emrgans : . - woar - i
i Jr e - b men el P AP S, " Analr e
1 @@RETD g_;;#?; @G, é;;@ A SERIES 51

FRICROELECTRONIC RESET-SET FLIP-FLOP NETWORK
FOR APPLICATION IN

¢ Digifal Computer Systems e Data Handling Systems @ Conirol Systems

SERICONBUCTOR E‘Eﬁ?%’ﬁ?ﬁ% t

description

The SN5101 and SN5111 semiconductor nefworkst feature two presets, making the cirevits readily adapt-
able for asynchroenous operation. The SMN3111 includes emitter-follower outputs. Except for the CLEAR
input, the SN5101 and SN5111 networks are mechanically and electrically’ interchangecble with the
SN510A and SN511A networks, respectively

The netwarks are fully compatible with other unds mn Texas Instrument’s Sertes 51 line of low-power
circuiis over the full military temperature range of —55°C to 4-125°C A typical application is a shift-
register having parallel load capacity without initial clear,

. . F Lacy.
legic diagram oy 7S

PR

* =% —
Q Q Truth Table
tn Tasy
Q Q R1s]a {Eow voltage
R s 5 i Tepresends a ONE)
n
[¢] 1 1
PRESET | cP 11.01¢
CLEAR 1 1 {Indeterminate
Hote <4< indicales eanitter follower sutput, {ovulable only on SH 5111
circuit diagrams OR Dqvee
£h os  e@sd | 0N o
Q@ L;{J Q{2 L[(_] @Q
O Qe IO O ek ®s
GHD GND ::I‘“’
I G057 . KO R
PRESETSCPE  ACLEAK CONMECTION FRESETS LGP LCLEAR CONNECTION
mechanical datu P o 0JOLD)]
SNSTO SH5111

SOLID CIRCUIT Semiconductor Networks are mounted in a glass-ta-metal hermefically sealed, welded
package. Leads are gold-plated F-15t glass-sealing alloy Approximate weight is 0.1 gram All external

surfaces are metallic and are nsulated from leads and circuit  If requested, an insulator will be affixed
to the bottom of the package.

om""'° @@@-@@m
_,f,,‘.::.]:s! e HHEHEE S | ik
L im NI | Jl 5} ‘Ju\
T o ‘\I se g3 it |in i
i N !xx P ‘y% {‘“‘. .m[ ”T[ ol
.“: ,A( ﬁﬂ':‘:“‘:“" e H " --l
il " Ji ! ll I SNs101 SNS11T
Groos T i s
SN5101 SN5T11 BOTH

NOTES @ AN dunensions In inches
Ali decamels £ 0805 excop! o5 noted
Leod spouing tolerance Is -0 015 ot exirenmilies ond =0 005 of package, nonoccumulotive

b
t
d Lead centerlines are localed withen 20 805 of thewr drve posshions relative o hody centerlines
[

Evea ¢though numesicob lead designotions of the fwo puckeges differ, the clectrical funclions are i the same physical location [except for the “CLEAR™ Input)

FPotented by Texos Tnstruments (ncotporated
1F95 u the ASTM designahion for an fron mickel coball cfley containing nominofly 29% nickel, 179 coball, and §3%, fren

LW

LILISNS QNV LOIENS S3dAL
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AL,
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PRELIMINARY DATA SHEFT
Supplementary data will be
pubhshed at a Jater dale
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" TYPES S

SHLTHT ARD SHBTTT

DIFFUSED SILICOR BISTABLE NETWORK

]

absolute maximum ratings of 25°C free-air temperature (unless otherwise noted)

Supply Voltage . . . . . . . .
Input Yoltage (Set and Reset}. . . .
Clock Pulse Voliage (See Note 1)} .
Operating Frec-Air Temperature Range

Storage Temperuture Range e

network electrical characteristics

8v
8v
T 2
.—55°C to +125°C
.—55°C to +125°C

. . . - . . . . . . . . .

Vee = 3v Ve &= 6y
MIN TYP MAX MIN TYP MAX UNIT
Netwerk Dissipalion
(T, = 25°C, Fen Qut = 0) 2 8 mw
Leading
Outputs Q and Q
D C Fan Out, N (Sce Note 2) 4 4
Oulputs Q¥ and Q¥
{SN5111 only)
P C Fan-Out, N 20 20
Preset Voltage, (T, = 125°C) - - 115 \ 20 %
(T, = ~55°C) R 16 -4 25 v
Set or Reset Yolage, (T, = 125°C) 115 20 v
(T, == -55°C) 16 25 v
Oufpul VYoltages
Qutputs Q and @
OFF Level (T, == 125°C, N =,0) 22 41 v
(T, == 125°C, N =r 4) 115 20 v
(T, 7-55°C,N = 4) 160 250 v
ON Level (T, == 125°C, N == 4, See Moje 3) 022 030 v
(r, = ~55°C, 1 = 4, Sec Note 3) 040 050 ¥
Quiputs Q¥ and Q¥ {Sh5111 aniy)
OFF Level (T, = 124 C, N == 20) 15 38 *y
OFF level (T, ==-55°C, N = 20) 16 050 v
ON Level (T, = 125°C, N == 20, See Note 3) 022 030 v
ON level {T, = —55°C, N = 20, Sec Note 3) 040 35 v
switching characieristics ot 25°C free-air temperature (see note 4)
Ve = 3v Yec = 6
= 1 (Sec Hote 5), MIN YP MAX | MIN TYP MAX | URIT
f =100k, PW = 2 psec, 1. = t; = 100 nsec Pulse Amp = 2 v Pulse Amp = 4 v
Delay Time, 1, 300 500 170 300 nsec
Rse Time, t, _ 250 500 150 500 nsec
Storuqe Tlme, 120 200 120 200 nse¢
Fali Tu'ne, t 15 25, 15 25 HseC
Time 1o Peach a VohoJc 1o Set a
Fiip Flop, ti {Sec Note 6) 300 &00 300 600 nsec

NOTES Y The clotk pulte anusl ofways be posileve with tespect fo Pin 7

2 AL FanOur Whe fanming ovl info fhp flep clack pulse mputs (A C loods) the emitfer-follower oulputs on fhe SHS11Y should Be used for fonouls above 2 or

frequencies above 300 be .

3 The bood ¢ appleed lo the OFF culpul

4 Reler 1o SHSTD dula sheed for swalching wave foems, ¢ueunts, and definrhions

5 Alood of I == 1 15 defined by a crcvst where (g (See Figure A) 15 selected 5o that the fotal capocitance

of Ihe lest fixiuee, connetlors, end oscdloscope probe cggreguies 50 pf

£ This 15 the delay time lo sleer a 2010 il eifieer the R or 5 tnpuls of enother fhp flep

s

o
0k0 3 2= Cs

INPH lE_]_
kL

FIGURE A

°s TEXAS INSTRUMENTS

INCORPORATED
SEMICONDUCTOII COMPONENTS DIVISION
PFOSY OFFICr HOX BOi2 » DALLAS 22 TEXAS
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DR QURIRBEING TYPES SN&16A, SNB161, SN5162

SEMICONDUCTOR
NETWORI(S

o Digital

description

DIFFUSED SILICGN “TRIPLE GATE” LOGIC NETWORIS

THREE SERIES 51 MICROELECTRONIC “TRIPLE GAYES”
FOR APPLICATION IN

Computer Systems © Data Handling Systems o Control Systems

The SN516A is a multifunchon semiconductor network containing two 2-mput NAND/NOR gates and one
inverter gate The output of the inverter and one of the NAND/NOR gates is from a high-fan-out emitter-
follower circuit.

The SN5161 and 5N5162 are multifunction semiconductor networks containing three 2-input NAND/NOR
gates In addition 1o the three stundard collector outputs, the SN5162 has a high-fan-out emitter-follower
output circuit from one of the NAND/NOR gates.

These three net

works are fabricated from the use-proven Series 51 Master Shice, and are fully compatible

with all other Series 51 semiconductar networks over the entire military temperature range of —55°C to
+125°C These units exhibit the same low power requirements as other Series 51 networks and are
designed to reduce system package count thereby reducing system cost and improving rehability.

logic

SM516A NOR NAND_ SN5161/5N5162 NOR

O

LOGIC A'_DO_L_F* i g Soic JDO_:_G
UTFUT | NAND | NORL |1 B GUTFUT] NAND | NOR| B
)

b
o

Ho

|
n

3 |

] 1 |

N I i e i c | # w8 ¢ i
" e D R

G* BC | 8+C i P = H &o| D !

v — ] —— 1

H BE | D+E DID’:‘“ E : L 1,55 ErF 51 1 ,
E ! F - ¥ F:D:;J*

MNOTE Emitter-follower output J* 15 ovarldble on
SM5162 only

mechanical data

SOLID CIRCUIT Semiconductor Networks are mounted HECH PAK
in a glass-to-metal hermetically sealed welded pack- CARRIER
age leads are gold-plated F-15% glass-sealing alloy Lead length 0185 inch Hot Applicoble
Approximate weight 15 01 gram. All external sor-

faces are metall
circuit  All Seri

formed leads, msulator attached, and/or mounted Brderuag

ORDERING INSTRUCTIONS

HO MECH PAX CARRIER

Formed Leads Ho He Yes [ Yes § Ho Ho Yes | Yes
ic and are insulated from leads and

es 51 networks are available with Inswlatars Ho |Yas| Ho [ Yes | Ho | Yes| Mo | Yes

. : . Homej —§ | —7f —1 | —2| -3] 4} =5
in a Mech-Pak carrier, See ordering instructions Suflx
[DlB000, i
_J““'”"::m" am,f:g;: - - r.gm,fgglg 0.0.0.00,00
oo =001 = nig 21213
21218 7 HEI R HREE
1 |BEIEE HHHEHE
&I ikt
w;.n r | Py
L] ¥ ) N
ans 000 {i‘; S:x aseo=ent0 |- by _}__.!,..._.____; {‘@;‘x :— _.'-U’
| X l PEITLIN | n]'f
omow} LS -'F 0010 MAX GLASS ] l !
aLAts 14 TS
10 PLACES
— ~sfegoot=n 00t amz ¥ lnl‘“ 20#9010
(00,0070 A 00.0.000,0 .y
SN516A SN5161/5N5162 sl LLi
HOTES e AH dimenstons In Tnches [ir“ f’
v |!f
b All decimols —=0 005 excepl a5 noled
¢ Lead spacing toleronce 1s =0 015 of axtremities ond =0 005 ol package, nonaccumubotive
d Lead cenlariings are Josoted within == 0005 of fherr frya positions relative fo body centerlines
OUTLINE DRAWING — SEMICONDUCTOR NETWORK WELDED PACKAGES

FPateated by Texas Instruments Inslroments Incorparaled

EF-15 15 the ASTM designalion for an

on nicke! coball alley containing nommally 53% sron, 299, micket, ond 179% coball

o

961 HOUYW ‘BE6SST S-10 "ON OGNV
ZYIGNS ‘L9LGNS 'YFISNS SIIAL

po41 HIUVYW ‘890507 S-10 ON SNILFIMNG 530VIdIY
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TYPES SN516A, SN5161, SN5162
DIFFUSED SILICON “TRIPLE GATE” LOGIC NETWORIS

absolute maximum ratings over operating free-uir temperature range

Supply Voltuge, Ve (See Mote 1) . . . . .+ . « + « v v+« 4« o . . . . . 8By
Input Voltage, V,,(SeeNotes Tand 2) . . . . . . . . . . « «+ v + « « « « « . Ve
Operating Free-Air Temperature Range . . . . . . . . + « « + « . . =55°C 10 +125°C
Storage Temperature Range . . s e e e e e e e e ... —B5°C 10 +125°C

WOTES 1 Yolione voluer are wilh respect lo nelwork glound termuinal
2 Input signals must be zero or posiive with respect o natwork ground lesminal

l

electrical characteristics

PARAMETER TEST CONDITIONS Vec=3v | Vec=6V __Jyny
N . MIN_TYP MAXI MIN_JYP MAX
" Power Dissipation Por Gale ON Condition, T, == 25°¢C 2 8 mw
D C Fan Out (See Nate 3)
Output H of SN5156A or _ ° °
outputs G, H, and J of Ty = =55%C 10 125%C 5 5
SN5161/5N5162
Outputs FX and GX of .
SN516A or output Jk | T, = =55°C 10 125°C 25 25
of SN5162 i
Input voltage required at T, = 125°C / 022 03 v
A
all input terminals thet will
ensure turn off Ty = -55°C 04 0.5 ¥
Input voltuge required ot T, = 125°C 115 2 v
any input terminal that will <
ensure furn on T, = —85°C 16 25 v
Output Yoltoge
Qutput H of SM516A and
outputs G, H, and J of
SN5161/5N5162 .
QFF Level D-C Fan-Out =0, T, = 125°C, See Note 4 | 25 5 v
D-C Fan-Qut = 5, T, = 125°C, See Note 4 | 115 2 v
DCFanQut =35, T, =~55°C, SeeNote 4| 16 25 v
ON Level T, = 125°C, See Note 5 022 03 v
T, = —55°C, See Note 5 04 05 ¥
Oulputs FX and GX of
SN516A and output 3% '
of SN5142
OFF Level DCFanOut =25 T, = 1259C, See Note 4 | 18 3s v
‘ DL FanQut = 25, T, = —55°C, See Note 4 | 16 35 v
ON Level D C Fan-Out = 0, T, = 125°C, See Note 5 022 03 v
DC Fan Qut =0, T, = —55°C, See Note 5 04 05 v

'
NOTES 3 Whea fonming out wnto Flip Hop clock-pulse inpuls {a ¢ Joeds} the emitter-fellower oufputs en the SHS16A or SH5182 should be used for fom ouls
chove ¥ = 2 or frequencies above 500 ke
4 Inputs M I2S°C Y, =022 viun Vee =3V, ¥, =03 vfor Voo =6 v,
ot —B5°f, ¥ =04 vbr Ve =39 V =05y fr Voo =4,
5 Ench mput 1s tested separalely At 125°C, ¥ = V15 v for Yoo =3n ¥V, =2yl Voe=4év
o 550 Y =1 v for Vo =3y, ¥, =25 viur Voo =6 v
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TYPES SNa164, SN5161, SN5Y62
DIFFUSED SHLICON “TRIPLE GATE" LOGIC NETWORIS

switching characteristics, SN516A, T, =25°C

Vee=3v Ve =6V
PARAMETER TEST CONDITIONS Vin=2v Vp=4v UNIT
a TYP MAX TIYP MAX
Qutput H
ty Delay Time &5 105 as 60 Asec
. Rise Time L 40 70 40 70 nsec
t, Storage Time 40 105 55 90 nsec
t; Fall Time 600 50 580 230 nsec
Oulput FX:
ty Delay Time inpul. t. = t; = 100 nsec, = 2 psec, 70 110 40 70 nsec
t, Rise Time (See Note 7} f == 100 k¢, See Note 6 and 40 70 40 70 nsec
t. Storage Time Figures T and 2 150 280 85 140 nsee
t Fall Time 300 520 300 520 nsec
Qutput Gk.
ty Delay Tire 75 115 40 70 nsec
t. Rise Time (See Note 7) 40 70 40 70 asec
t, Storage Time 160 300 90 160 nsec
t, Foll Time 400 760 350 650 nsec
switching characteristics, SN53161/5N5162, To=25°C
Vee =3 v Vee=6v .
PARAMETER TEST CONDITIONS V=2 v Vp=4v UNIT
TYP MAX TYP MAX
Osutputs G, H, and 3 :
14 Delay Time 85 105 35 &0 nsec
t. Rise Time 40 70 40 70 nsec
t, Sterage Time 70 120 &0 90 nsec
t; Fall Time 750 1100 650 930 nsec
Input. &, = t; = 100 nsec, i, = 2 psec,
f == 100 ke, Sce MNote 6 and
Figures 1 and 2
Output 1% (SN5162 Only)
ty Delay Txmt:I 75 115 40 70 nsec
t. Rise Time (See Note 7) 40 70 40 70 nsec
t, Storage Time 200 300 110 160 nsec
ty Fall Time ’ 550 760 450 650 nsec

HOTES 6§ A swiiching load, applied anly Jo fhe oulpol bemng lested, 15 defined by a arcwit where € 15 seleched so that the lolal capocitance of the fest
fixture, conneclers, aserbloscope prabe, ond Caggregates 50 pf Sea Figure 1

7. Emitter follower outpul rise hime s measured between the 90 percent ond 30 percent fevels See Figure 2

°. TEXAS INSTRUMENTS
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TYPES SN516A, SN516T, SN5162
DIFFUSED SILICON “TRIPLE GATE” LOGIC NETWORKS

schemaotic

| Q'

' ) o

; < OUTPUT
| 3 ourrur OUTPUT %

i

{

{ ) J

i QUTPLT
3

Tm b i bt

S B, A ST ]

ot OUT:IUT @ P(10) " [
! L (T)enp | A - @GND
EaniaBasnar

INPUTS
INPUTS HOTES 1 Emutler follower output )% 15 nvaifoble on SH5142 enly
SNS16A ? Pins @ und . have o inlemsl cannechont
3, Ho external conpection showld be mads to pm@of the
§H5141 SN516 /SN5162
PARAMETER MEASUREMENT INFORMATION :
INPUT Vee outeUr
PULSE METWORK UNDE .
GENERATOR TEST
{See Note 1) l
500 20 k2 C {See Note 2)
R 1N9i4

HGTES T Each gote of exch nelwork is tested separotely Pulse generotor eutpul is opplied to ome gate input and aif other inpyt terminals of the gale beng lesied ore
at ground polential Apply Voo ond ground ond select corresponding gate output fermanal s shown by the appliesble schemolic diagrom
2 €, 13 selected so tho the fotal capeaitance of the fest fixtures, tonnectoss, osulloscape probs, and C, agaregales 50 pf

i

i iyt bban R

| treirte rratmendnie . e RAMmAARAtA ke

FIGURE 1 — SWITCHING TIME TEST CIRCULT

INPUT

QUTPUT

EMITTER-FOLLOWER
OUTPUT F*AMD G* (SN516A)
OR J*(SN5162) for 1, only

-—bifr:-!-—-
1

NOTE  Emuiter follower outpul rise hime 1$ meosured betweea the 90% ond 309 levels

FIGURE 2 — SWITCHING TIME VOLTAGE WAVEFORMS

TEXAS INSTRUMENTS
INCORPORATETD
SEMICONDUCTOR-COMPONENTS DIVISION
FOST OFFICE BOX A01'Z » DALLAS 22 TEXAS
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Tl cannol assume ony cespensibilaly for eny ciconls shown
o represent Ihot they ore free from paten! snfringement
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1.0 SCOPE
1.1 Introduction

This specification defines the scientific instrument operational test
procedure for the Ames Research Center Plagsma Probe

Instrument, ML-304-1, for Pioneer C & D. Instrument ML -304-1 is
an electrostatic energy per unit charge (E/q) spectrometer. Itis
capable of measuring solar plasma charged particles in terms of
flux, corresponding to energy level and incident direction of arrival,
A functional block diagram of the scientific instrument 1s shown in
Figure I.

1.2 Test Requirements
The test procedures established herein are in accordance with the
requirements outlined in ARC/NASA Specification A-10202 Revision "C"
entitled "Specification for ARC Plasma Probe - Pioneer C & DY,

1.3 Responsibility
The responsibility and authority for decisions relative to the re-
quirements of this specification rests with Marshall Laboratories
subject to approval by NASA/ARC.

2.0 APPIICABLE DOCUMENTS

2.1 Specifications

Ames Regsearch Center

2.1,1 A-10202 Revision '"C" Specification for Ames Plamsa
Probe for Pioncer C & D
Maxshall Labojﬁories

2.1.3 8546251 - Functional Test Procedure

2.1, 4 546%47,9/ Qualification Test Procedure

2.1.5 S4b6276 Flight Acceptance Test Procedure

. ME MARSHALL TITLE SPECGIFICATION NO. REV
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2.2 Drawi..g.

. Marshall Laboratories
2.2.1 544000 Mechanical and Thermal Interface Diagram
2.2.2 “ 544001 Electrical Interface and Wiring Diagram
2.2.3 544100‘ Instrument Final Assembly
2.2.4 544101 Interconnection Diagram

3.0 ENVIRONMENTAL REQUIREMENTS
3.1 Expected Actual Environment

The electronic and mechanical assemblies within the Plasma Probe
Instrument shall perform satisfactorily under the conditions expected
to exist during time of operation 1n orbit and be able to withstand,
with no out of tolerance degradation all environmental conditions
expected to be encountered during storage, shipment, handling,
standby, pre-flight, and flight prior to operational period as

outlined in ARC Specification A-10202 Revision "C", paragraph
Bi.1,2.

4.0 TEST EQUIPMENT
R 4,1 Special Equipment

The following special Ground Support Equipment (GSE)} shall be used:

a. GSE Simulator Unit - P/N 544516-101 ML 311-1,

b. GSE Monitor and Control Unit - P/N 544502-101 ML 312-1,

C. GSE Printer Unit - P/N 544510-101 ML 314-1,

d. Current Probe - P/N 544506-101 MI, 315-1,

e. Meter Umt - P/N 544500-101 ML 313-2.

f. Isobox UI;I'It - P/N 544526-101, ML 344-1,

2. Demodulator, Simulator Unit - P/N 544516-~101, 10z, ML339-1

5.0 TEST FACILITIES
The operational tests are to be conducted at Maxrshall Laboratories
and outside vendor facilities as required by the prevailing test specification

requirements.

5.1 Standard Conditions for Test Area

kM MARS TTLE SPECIFICATION NO REV
L LABORAIURIES Operational Test Procedure
TORRANCE CALIFORNIA ARC Plasma Probe - Pioneer C&D § 46250
CODE Model ML 304-1
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Conditions for conducting the scientific experiment operational test

shall be as indicated below:

) a.

b.

C.

=

) N

d.

b.

Temperature: 25 = 3°C (77° £ 5°F)
Relative Humidity: 55 percent or less
Barometric Pressure: Room ambient {corrected to 29,92

inches Hg if so specified in the

applicable equipment specification)

6.0 TEST SEQUENCE

Initial control settings

Meter Unit Instrument Voltage
Instrument Current

Bit Rate 512 Operation

Calibrate Command

Supprt;,ssion Mode Change Command

Bit Rate 64 Operation

7.0 PERFORMANCE RECORD

Date and time of entry,

Identity of test or inspection

Environmental conditions

v

Test procedure reference (if applicable)
Characteristics being investigated

Parameter measuremenis

Unless otherwise specified the test sequence for the qualification
of the Plasma Probe Instrument shall be as follows:

A chronological scientific instrument log of performance data shall be
maintained and available at one central location throughout the test program
and shall indicate accumulated runmng times suitable for reliability review,
Entries shall be complete, self-explanatory and include, but not be

limited to, the following:

Complete identification of instrumentation used, i1ncluding

serial no, and calibration dates.
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9.0

10.0

11.0

1.1

h. * Failure observations and discrepancy report reference made
as a result of failure or unusual performance.

i. Accumulated operating time

1+ Record unusual or questionable occurrence involving the instrument
being tested or other equipment being used in the test.

k. Identity of individual making entry

SETUP CHECK

Following test setup in the test configuration and prior to test, the
scientific instrument shall be inspected sufficiently to insure that
no malfunction or damage is caused due to faulty setup or handling.

CRITERIA FOR FAILURE

With the concurrence of the Marshall Laboratories authorized re-
presentative, degradation or change in performance of the Plasma
Probe Instrument or any part thereof which exceeds limits established
by ils specification and applicable test pracedure during any test
period shall be considered as a failure. Testing shall be discontinued
until the malfunction {(including design defects) is corrected. If

the corrective action consists of simple repair, such as replacement
with identical parts, the complete test procedure under which failure
occurred shall be repeated in its entirety without equipment failure before
proceeding to the next test, If corrective action such as redesign, is
required, the test procedure under which failure occurred shall be
repeated as indicated above after repair action. In addition, if such
redesign affects the results of previously completed tests, such tests
shall be repeated.

FAILURE REPORTING

Should any discrepancy occur during the operational testing of the

the scientific instrument resulting in criteria for failure as outlined

in paragraph 9.0 the test shall be stopped and Marshall Laboratories
shall report the failure as outlined in the prevailing test specification.
Reference: Qualification Test Procedure $46275 and Flight Acceptance
Test Procedure 546276,

TEST SETUP
The operational test setup 1s shown 1n Figure 2.
Initial GSE Control Settings

The 1nitial control settings for the GSE are shown in Table L.
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GENERAL TEST SETUP CONFIGURATION

Note: Connect the Instrument 4nd GSE in the configuration shown below. Then

adjust the GSE control settings as shown in Table 1. Dotted lines represent

AC

Power Cord.

¥
I ML 312-1
i Monitor and Control g
i Unit !
. :
r 50 15 = 25 Pin 50 Pin 50 Pin
Pin | | Pin I l
, = 4 L I1SO
{ 41 25 Pin I Box 8C05
} - iy 304! Ty '
Meter Unit [:_l v ‘|__ J2
ML 313-1 al Co b P2
7 50 Pin |
15 Pin 1 : ‘ Instrument
4! ! 15 Pin t ML 304-1
" m--=-- -
;. [15Pin —b A A
- ML 311 2o
Simulator Unit 0 Pl scos
(Pulse Width ¥ Mn
. Demodulator) 25 Pin i
y VAN
| \T \T
s i I
- L.
i | e ——
L 15Pin_ pr [ 1 25 Pin
: = |
Printer Unit |
ML 314-1 ]
I -
|
i
I .
|
I
|
115VAC
60
. Figure 2.
fg | MARSHALL TITLE SPECIFICATION NO. | REV
L LABGRATGRIES Operational Test Procedure
TORRANCE CALIFORNIA ARC Plasma Drobe - Pioneer C&D] 9 46250
CODE 12125 Model ML 304-1
IDENT NO -~ . SHEET 11 OF

ML FORM 201

-



<

~—
1

e
12.0 TEST PROCEDURE
Place the instrument i1n the general test selup configuration as shown
in Figure 2 and set the GSE Control settings to the 1nitial control
settings as shown on Table l. (appendix)

12.1 Meter Unit Instrument Voltage

Turn simulator main power switch to ON position and Instrument power

to ON position. Measure voltages with Meter Unit Instrument and record
data on Table 4.

ACCEPTABLE VOLTAGES

Monitor Select Value Acceptable Range
+28 +28V = 1% +27.72V to +28, 28V
+3 +3V 5% +2.85V to 3.15V
+6 +6V = 1% +5.94V to +6.06V
+12 +12V = 1% +11.88V to +12,12V
+23.5 +23.5V 1% +23.265V to +23,735V
+24 +24V £5% +22.8V to+ 25,2V
+15 +15V + 1% +14.85V to +15,15V
+150 + 150V x K7, +142.5V. to +157,5V
3 VAC (scope) approx., 0,1V peak to peak triangle waveform 5 KHy
-6 -6V = 1% -5.94V to -6.06V
-25 =25V = 1% -24, 75V to -25.25V
-150 -150V £5.% -142,5V to -157.5V

v

12.2 Instrument Current

Turn Simulator Main Power Switch to ON position and Instrument Power
to ON position. Measure Instrument Current on Simulator Unit and
record on Table 2,

ACCEPTABLE CURRENT

Monitor Select Value Acceptable Range

Current 115 ma 10 ma 105 ma to 125 ma

12.3 Bit Rate 512 Operation

a. Allow Sun Pulse time {approximately 20 minutes) for the Spoke
Generator to lock in,
' b. When locked on, frame 01,word 1 sector data will be stable.
M MARSHALL TITLE ' SPECIFICATION NO. Rev
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<. To perform the following tests by display indication only, s

set toggle switch on back panel of the Monitor and Control Un.t
D to "NIXTE".

d Check for HV Supply stepping, Frame 0Z, Word 1, 1f it is
stepping proceed, 1if it 15 locked, energize STEP COMMAND,

e. Check for HV Supply stepping per Table 32 (Inhibit Mode). Instrument
should be 1n Inhibit Mode following application of power to the wnstru-
ment,

f. Press COMMAND LINE.

12 4 Calibrate Command

a Sun Pulse Delay Check. Status of Frame 02, Word | should be 11 or 10}
[f Status 15 11, Fluz/Sector of Frame 0!, Word | should be 64. If
Status 18 10, Flux/Sector stould be 60. Record Status of Frame 02 and
Flux/Sector of Frame 0] on Data Sheet, (Pp. 26),

b. Press Calibrate Command to alternate Status of the Instrument.
Allow time for data to change and record in data sheet, {Pg. 26).

c. IFC Check. Set Mode Select to OFF., Energize Step Command (51)
and record in the data sheet, (Pg, 26). Allow time for data read-out.

d Press Calibrate Command and allow time for data to change.

Record 1n the data sheet, {Pg. 26).
' 12,5 Suppression Mode Change Command

a. Set display to Frame 03, word 1 and record Status in the data sheet,

b. Press Suppression Mode Change Command.

c. Energize Step Command.

d. Allow time for data to change.

e. Record Status in the data sheet, (Pg. 26).

f. Status in Frame 03 should change 1n the sequence in the data sheet,
{Repeat steps (b}, (¢}, (d), and (e) unt1l this sequence has been
verified and record in the data sheet),

12.5,1 Control Setting Change

Change the following GSE Control Seftings as shown below:
a. Toggle Switch on back panel of Monitor and Control to
Normal
b. Mode Select ALL/ION (Monitor and Control).
12.5 2 HV Supply. Assure that the HV Supply 1s stepping by noiing
stepping of the HV data Frame 02, Word 1. Set Step Select to
M |MARSHALL TITLEOperatl.conal.l Test Procedure SPECIFICATION NO. REV
] LABORATORIES ARC Plasma Probe - Pioneer
TORRANCE CALIFORNIA C&D Model ML 304-1 S 46250 D
IoEN 1312
IDENT NO 6 SHEET 13 oF
: =

ML FORM 201



’ 12.5.3

51 and energize STEP COMMAND 1f locked in.

Non Delayed Sun Pulse

Put instrument in the following mode of operation.

a

b.

Set Display to Frame 02, Wozd 1.
If second status bit is 1, proceed to paragraph 12.5 4.
If second status bit 1s 0, press Calhbrate Command on

Simulator once and note that this bit changes to 1 {allow
time for data readout).

12. 5.4 All Unsuppressed NMode

a. Set Display to Frame 03, Word 1.

b If status bits are 00, ran printer and obtain a complete
1on and electron cycle. )

c. If status bits are other than 00 {01 or 11} then press
Suppression Mode Change Command on Simulator and
energize Step Command.

d. Allow time for data read-out and note change of status
If desired change, 00, has been obtained, run printer
and obtain a complete 10n and electron cycle, 1f desired
change has not been obtained repeat steps (a) & (b).
Data should correspond to Table 3 and Table 3a. Insert
data sheets in an envelope and 1dentify as 12.5.4

e. Press Command Line and repeat 12,5.4 d. Data should
correspond to Table 3Ja (Inhibit Mode}.

12.6 Bit Rate 64 Operation

Change to following control settings:

a. Simulator Bit Rate 64
b. GSE Mode Select ALL/ELECTRON
c. Allow time for instrument lock on at Bit Rate 64, Run Printer
to obtain at least one electron and one 1on cycle. Data should
correspond to Table 4. Insert data sheets 1n an envelope and -
identify as 12.6.
12.6.1 64 Bit Rate - Step Select
a. Turn Mode Select to Step Select (ION),
b. Run Printer to obta n at least one electron and one on
cycle, '
c. With SCS {Frame 12, second status bit } equal to 1,
tape should correspond to Table 5, Insert data in an
envelope and 1dentify as 12.6 1.
d. With SCS equal to O(delayed sun pulse), GSE generates
a stimulus at the step (n + 1) - here step 6.
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OPERATIONAL |
PERFORMANCE TEST LOG

Test Operational Test No.

D Date Time Performed At
Conducted By Orgamza}tion
Witnesscd By Organization

Applicable Test Procedure

INSTRUMENT DATA

Title ARC Plasma Probe for Pioneer C & D

Model No. ML-304 Unit

lSerial No, v -
TEST AREA ENVIRONMENT

Temperature Relative Humadity

Barometric Préssure

TEST APPARATUS AND INSTRUMENTATION

Description Type Migr, Calibration:Date
\
|
SUPPORT EQUIPMENT
Description Type Mfgr, Calibration Date
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TITLE
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OPERATIONAL
PERFORMANCKE TEST LOG

PERFORMANCE DATA

Test End Date

.Total Operating Time

| NOT¥: _Anplicable test pros umummmwmmma

per.formancc test log as an integral part of it.

REPAIRS, QUICK FIXES AND ADJUSTMENTS

DESIGN CHANGES AND NOTES

i
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TABLE 1
OPERATIONAL TEST INITIAL CONTROL'SETTINGS
CHECK
’ CONTROLS SETTINGS 1.IST
A, Meoaitor and Control Umit
Probe Stimulus
Step Select 05
Sector Select 064
Mode Select All/Ion
Level
Channel 1 55
Channel 2 55
Channel 3 5.5
Display Selection
Frame 01
Word I
H V Control -
' . Step Select 51
B. Simulator Unit -
Sun Scan Pulse 60
Mode - Bit Rate 512
Voltage Controel 28
DCSM___ Off
Power Off
Instrument Power Off
C Printer Uait
Power Off :
Printer Off
D Mecter Unit
Power (DVM) On-Turn 180°
' Range (DVM) AUTO
. M MARSHALL TITLE SPECIFICAT!ON NO. REV
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TABLE 2

ACCEPTABLE VOLTAGES AND CURRENT

Monitor N
Select Acceptable Range Measurement
+28 +27.72V to +28,28V
+3 +2.85V to +3,15V
+6 +5.94V to +6. 06V
~12 +11,88V to +12,12V
+23.5 +2 3,265V to +23.739V
T24 22,8V to +25.2V
+15 +14,85V to +15,15V
+ 150 +142,5V to +157.5V
3 VAC (scopé) approx.Ql fv'm; triargle waveform, at 5 KIiZ
-6 5.94V to -6.06V
-25 -24,75V to -25, 25V
-150 ~-142.5Y to -157,5V
Current 105 ma to 125 wa
)
)
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LfABLE 3
HIGH BIT RATE (512, 256)
{Place recorded data in envelope and identify as 12.5.4)
ACCEPTABLE RANGE
Frame Status Flux/HV Flux/Sector
15 10 =1 008 £ 8 008 =8
15 10 % 1 008 « 8 008 = 8
15 10 =1 008 £ 8 008 = 8
14 00 008 % 8 008 + 8
14 00 008 = 8 008 =8
14 00 008 £ 8 008 =+ 8
13 00 008 = 8 008 £ 8
13 0o 008 £ 8 008 = 8
13 (4]0] 024 £ 6 008 £8
12 11 064 +2 050 £ 4
12 11 008 =8 034 £ 4
12 11 016 %1 Q08 = 8
11 0% 10 064 £ 2 064 £+ 1
11 0 =% 10 064 = 2 064 % 1
11 010 064 = 2 064 £ 1
10 10£1 008 £ 8 008 £ 8
10 10 £1 008 + 38 008 £ 8
10 10 £1 008 = & 008 £ 8
09 H0] 008 £ 8 008 = 8
09 00 008 £ 8 Q08 = 8
’ 09 00 008 + 8 008 =+ 8
08 00 Q08 = 8 008 = 8
03 00 008 = 8 008 + 8
08 00 024 = 6 Q8 = 8
07 11 064 = 2 050 = 4
07 11 008 = 8 034 £ 4
07 11 012 = 1 008 + 8
06 0+ 10 064 = 2 064 %= 1
06 0% 10 064 £ 2 064 =1
06 0 % 10 064 £ 2 064 £ 1
05 00 £1 008 £ 8 008 = 8
05 00 £ 1 008 £ 8 008 £ 8
05 00 =1 008 = 8 008 £ 8
04 00 008 = 8 008 = 8
04 Q0 008 = 8 008 = 8
04 00 008 £ 8 Q08 £ 8
03 00 008 £ 8 008 £ 8
03 00 008 + 8 008 = 8
03 00 024 £ 6 0B8 £ 8
02 11 064 =2 050 £ 4
Q2 11 008 £ 8 034 £ 4
02 11 008 =] 008 £ 8
01 0% 10 064 = 2 064 =1
01 0% 10 064 £ 2 064 £ 1
0i 0% 10 064 £ 2 064 =1
'S
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TABLE 3a

ION HV CYCLE

Frames 2,7 aid 12, Word 1 indicate HV step. This is the only data
that changes over the complete ION and ELECTRON cycle. During
Frames 1, 6 and 11 the first status bit (HVP) will be ] for Ion and )
for Electron Cycle.

{Place recorded data in envelope and identify as 12. 5. 3)

ION Hv CYCLE

ION HV CYCLE INHIBIT MODE ELECTRON HV CYCLE
30 124 = 1 108 %1 15 124 + 1
29 120 = 1 108 =1 14 115 + 1
28 116 # 1 108 % 1 13 106 %1
27 112 + 108 1 12 97 + 1
26 108 = 1 108 + 1 11 88 1
25 104 £ 104 +1 10 79 £ 1
24 100 =1 100 =1 9 70 * 1
23 96 % 1 96 + 1 8 61 =1
22 92 + ] 92 % 1 7 52 =1
21 88 + 1 88 + 1 6 43 1
20 84 + | 84 1 5 34 + 1
19 80 £ 80 %1} 4 25 %1
18 76 1 76 £1 3 16 +£1
17 72 %1 72 £ 1 2 7 1.
16 68 £ 1 68 £ 1 1 0+1
15 64 =1 64 + 1
14 60 £ 1 60 =1
13 56 %1 56 =1
12 52 & 1 52 + 1
11 48 + 1 48 + 1
10 44 + } 44 +}
9 40 %} 40 =1
8 36 + 1 36 + 1
7 32 +£1 32 %1
6 28 =1 28 £ 1
5 24 % 1 24 %1
4 20 % 20 =1
3 16 1 16 £1
2 12 %1 12 %1
1 8 &1 8 %1
M | MARSHALL TITLE Operational Test Procedure SPECIFICATION NO REV
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TABDLE 4
64 BIT RATE DATA - ALL MODE ELECTRON
’f NON-DELAYED SUN PULSE
ACCEPTABLE RANGE
Frame Status Flux/HV Flux/Sector
End Electron 10 10 & 1 008 + 8 008 +8
10 10 & 17 008 =8 Q08 £ 8
10 101 008 £ 8 008 £ 8
09 00 008 =8 608 +8
09 00 Q08 £ 8 008 =8
09 00 Q08B £ 8 008 =8
08 00 008 = 8 008 £ 8
08 00 008« 8 008 = 8
08 00 024 = 6 008 £ 8
07 01 064 + 2 050 £ 4
07 01 008 %8 034 + 4
07 01 062 £ 2 008 £ 8
06 01 064 =+ 2 064 + 1
Q6 01 064 + 2 064 + 1
06 01 064 +2 064 £ 1
05 11 +£1 064 + 2 064 * 1
05 11 1 064 + 2 064 %1
05 11 1 064 £2 064 £ 1
04 00 £1 064 =2 064 =1
be 04 00 =1 064 = 2 064 =1 f
d 04 00 %1 064 =2 064 =1 \
03 01 %1 064 = 2 064 =1
03 01 =1 064 =2 064 = 1
03 01 £ 1 064 2 064 + 1
02 00 +£1 064 £ 2 064 + 1
02 00 =1 064 £ 2 064 =1
Q2 00 £1 064 =2 064 =1
01 00 064 =2 064 £ 1
01 00 064 =2 064 %=1
Start Electron 01 00 064 + 2 064 =1
(Place recorded data in envelope and identify as 12. 6)
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TABLE 4 (Continuced)

ACCEPTABLE RANGE

P

Frame Status Flux/HV Flux/Sector
End Ion 15 00 +£1 008 £ 8 008 =38
15 00 £ 1 008 =8 008 = 8
15 00 =1 008 £8 008 = 8
14 00 008 +8 008 £ 8
14 00 008 =8 008 = 8
14 00 008 +£8 008 + 8
14 00 008 8 008 = 8
13 00 008 =8 008 £ 8
13 00 008 +8 008 + 8
13 00 026 =6 008 = 8
12 01 064 £ 2 050 £ 4
12 01 008 + 8 034 = 4
12 01 124 + 2 -008 = 8
11 10 064 x 2 064 £ 1
11 10 064 =2 064 £ 1
11 10 064 = 2 064 + 1
10 11 £1 064 =2 064 =1
10 11 =1 064 =2 064 +1
10 i1 1 064 £ 2 064 + 1
09 01 =1 064 £ 2 064 %1
09 01 1 064 %2 064 =1
09 01 £1 064 =2 064 x 1
' 08 10 +£1 064 =2 064 =+ 1
08 10 £ 1 064 =2 064 +1
08 10+£1 064 £ 2 064 * 1
07 00 %1 064 £ 2 064 %= ]
07 00 £ ] 064 =2 ~ 064 =1
o7 00 £+ 1 064 = 2 064 %1
06 10 064 =2 064 * 1
06 10 064 £ 2 064 =1
06 10 064 % 2 064 £ 1
05 01 £1 064 + 2 064 =+ 1
05 ‘0 £1 064 £ 2 064 %1
05 01 £} 064 £ 2 064 =1
04 00 % 1 064 = 2 064 =1
04 00 =1 064 =2 064 =1
04 00 =1 064 + 2 064 £ 1
03 10 £ 1 064 + 2 064 %1
03 101 064'+ 2 064 £ 1
03 10} 064 + 2 064 %1
02 01 £ 1 064 = 2 064 =1
02 01 %1 064 £ 2 064 x 1
02 01 =1 064 + 2 064 + 1
01 10 064 £ 2 064 £ 1
01 10 064 £ 2 064 %1
Start Ion 01 10 064 £ 2 064 £ 1
M | MARSHALL TITLE . SPECIFICATION NO. ' | REV
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{Place recorded d

TABLE 5
BIT RATE 64 DATA - STEP 5

- 4
21

ACCEPTABLE.RANGE

1n envelope and 1dentify as 12. 6.1}

Frame Status Flux/HYV Flux/Sector

End Electron 10 10 £ 1 008+ 8 008 =8

10 10 1 00g<£8 008 =8

10 10 £1 008 =x8 008 8

09 00 008+ 8 008 =8

69 Q0 0088 008.x8

09 00 0088 008 %8

08 00 008+ 8 008 =8

08 00 008=x8 0C8 =38

08 Q0 0088 Q008 + 8

07 01 0088 008 £ 8

07 01 0088 . 008 £8

07 01 052 %2 008 %38

06 01 016+ 38 Any Sector

06 01 0l 8 \

06 01 008 % 8-

05 11 %1 008 8

05 11 +1 00g+8

05 11 %1 0088

04 00 £1 0088

04 00 =1 00g 8§

04 00 £1 008 %38

03 01 £1 008 x8

03 01 £1 008 =8

03 01 =1 0088 |

02 00 £1 008=x8 Any Sector

02 00 %1 064 %2 064 + 1

02 00 % 1 008 £8 Any Sector

0l 00 008 =8

01 00 0088
Start Electron 01 Qo 008 +8 Any Sector

M MARSHALL TITLE SPECIFICATION NO. REV
L LABORATORIES Operational Test Procedure
TORRANCE CALIFORNIA ARC Plasma Probe - Pioneer C&D S 46250 B
BT N0 13126 ML 304-1 SHEET 24 OF




TABLE 5 (Continued)
' ACCEPTABLE RANGE
Frame Status Flux/HV Flux/Sector
End Ion 15 00 £1 008 = 8 008 = B8
15 00 %1 008 £ 8 008 £ 8
15 00 £1 008 =8 008 = 8
14 00 008 =8 008 = 8
14 0o 008 = 8 008 = 8
14 00 008 £8 008 = 8
13 00 008 =8 008 £ 8§
13 00 008 £8 008 = &
13 00 008 *=8 008 = 8
12 01 008 +£8 008 = 8
12 01 008 =8 008 = 8
12 01 024 +2 008 = 8
11 10 016 =8 Any Sector
11 10 0l6 £8 J \
11 10 008+ 38
10 11 =1 008 %8
10 11 £1 0088
10 11 1 008 %8
09 i1 £1 008 £8
09 11 £1 008 £8
’ 09 11 +£1 008 =8
08 11 =1 008 =8
08 11 %1 0608 =8
08 111 008 =8
07 00 =1 008 =8
07 00 %1 008 =8
07 00 x1 008 =8
06 10 008 £8
06 10 00g £8
06 10 008 +8
05 11 =1 008 =8
05 11 1 008 £8
05 11 =1 008 +£8
04 01 =] 008 +£8
04 01 =1 008 =8
04 01 +£1 008 =8
03 10 £ 1 008 £8
03 10 =1 008 +8
03 10 %1 008 +8 ¥
02 01 x£1 008 =8 Any Sector
o2 01 %1 064 %3 064 =1
02 01 =1 008 =8 . Any Sector
01 10 008 =8
01 10 008 +8
. Start Ion 01 10 008 +8 Any Sector
)
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DATA SHEET

Paragraph 12 4 (a)

Frame Status Flux/HV Flux/Sector
02 XX KKK
01 KHX XXX

Paragraph 12 4 (b)
Frame Status FPlux/HV Flux/Sector

02z KX HEXK
01 RHX XXX

Paragraph 12 4 (c)

Frame 01 Flux/HV
Word 1
Word 2
Word 3

Paragraph 12 4 (d)
Frame 01 Flux/"HV
Word 1
Word 2
Word 3
Paragraph 12,5 (a)

Frame Status
03

Paragraph 12 5 (b)

ACCEPTANCE CRITERIA

Paragraph 12 4 (a) and {b):

If Prame 02 Status is 11 then Framg
01 Flux/Sector shall be 64 If
Frame 02 Status is 10 then Frame
01 Flux/Sector shall be 60

Paragraph 12.4 {(c):

Frame 01 ¥lux/HV

Word 1l 008+38
Word 2 0168
Word 3 08 £ 8

Paragraph 12.4 (d):

Frame 01 Flux/HV

Word 1 064 = 4
Word 2 064 x 4
Word 3 064 = 4

Paragraph 12.5 (a), (b}, and (c):

Upon successive application of
Suppression Mode Change Comma=
nds, the Status bits in Frame 03
shall sequentially change in the
following order:

Frame Status 00
03 11
01
Paragraph 12.5 (c)
Frame Status :
03 |
|
|
|
|
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Ramdom Vibration Test
Operational Test No, 7, 8, 9
Temperature Test

Thermal Vacuum Test
Operational Test No, 10
Suppression Voltage Test
Operational Test No, 11
Magnetic Tests ’

Functional Test No, 2
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SCOPE
Introduction

This specification defines the scientific instrument flipht acceptance
procedure requirements for the Prototype Ames Researcl Center
Plasma Prohe Instrument, ML -304:1for Pioneer C % D.Inscrument
ML-304is an electrostatic energy per unit charge {Zq) spectrometer,
It 1s capable of measuring solar plasma charged particies in Teims
of flux, corresponding to energy level and inc1dent direction of
arrival., A functional block diagram of the scientific instrument 1s
shown in Figure 1.

M. FORM 201

1.2 Test Requirements
The test procedures established herein are 1n accordance with the
requiremcnts outlined in Marshall Laboratories Specification S446253
Revision "A' entitled Zlipght Acceptance Test Requirements for ARC
Plasma Probe - Pioneer C & D', .
1.3 Responsibility
The responsibility and authority for decisions relative to the
requirements of this specification rests with Marshall Laboratores
subject to approval by NASA/ARC.
2.0 APPLICABLE DOCUMENTS
' 2.1 ‘Specifications
Ames Research Center
2,1,1 A-10202 Revision ''C" Specification for Ames Plasma
Probe for Pwoneer C & D
Marshall Laborateries
2,1.3 S 46250 Operational Test Procedure
2.1.4 5§ 46251 Functional Test Procedure
2,1,5 S 46253 Qualification Test Requirements
T [TIARSHALL TiiE SPECIFICATION NO RV
!\}3 ' LABORARTORIES Flight Acceptance Test Procedure
L TORRANCE CALIEORMIA Specification - ARC Plasma Probe S 26276
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.2 Drawings

Marshall Liaboratories

2.1 544000 Mechanical and Thermal Intertace
Diagram
2.2.2 . 544001 Electrical Interface and Wiring
Diagram
2.2.3 544100 Instrument Final Assembly
2.2.4 544101 Interconnection Diagram
.0 ENVIRONMENTAL REQUIREMENTS
3.1 Expected Actual Environment

The electronic and mechanical assemblies within the Plasma Probe
Instrument shall perform satisfactorily under the conditions expected
to exast during tune of operation in orbit and be able to withstand,
with no out of tolerance degradation all environmental conditions
expected to be encountered during storage, shipment, handling,

stand-by, pre-flight, and flight prior to operational period as

outlined 1n ARC Specification A-10202 Revision "C"',
Bi.l.2,

3.2 Simulation of Environment

Laboratory wlight Acceptance iests are to ensure the instrument is

ecuivalent to the rualified instrument and provide a debugging
{h:or”l-in} which will reduce infapt xuortality failures. The
tescs are designed to disclose failures, defects in materials,
or defects in the workmanship not previously found. These
tests shall not subject flight hardware to more than 1uC% of
the stresses and loads thot the vnits are expected to encounter.

4.0 TEST EQUIPMENT

4,1 Standard Equipment

The following standard test equipment shall be used:

paragraph

a. Oscilloscope - Tektronix Model 535A.
b. Plug-In Unit - Tektronix, Type CA.
c. Digital Voltmeter - Cubic Corporation V-71.
b d, Chart Recorder - Brush Mark 200,
m" —
v | MARSHALL TITLE SPECIFICATION NO. REV
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5.1

e, Power Supply - Hewlett-Packard Model HP721A,

£, Current Probe - Tekironix, Model 26016 with termination
Tekironix Part No, 011-028,

g- Multimeter - Triplett Model 630NA,

h. Pulse Generator - IC - PG2.

Additional standard test equipment shall be provided by a NASA
approved source for certain of the environmental tests,

Special Equipment
The following speécial Ground Support Equipment (GSE) shall be used:

a. GSE Slrnulator Unit - P/N 544516-101 M1, 311-1/ or BBD,
b. GSE Moaitor and Conatrol Unit - P/N 544502-101 M1, 312-1.

C. GSE Printer Unit - P/N 544510-101 ML, 314-1.
d. Current Piobe -~ P/N 544506-101 ML 315-1.
e, M-oter Unit - P/N 544515-101 ML 313-2.

f. Isobox Unit - P/IN 544526-101, ML 344-1

g Demodulztor, Simulator Unit - P/N 544516- 10l, 102, ML 339-1
k. Associated Cables

NOLE Alternate test equpment for items a thru e is the breadboard.
‘TEST FACILITIES

The flight acceptance testing is to be conducted at Marshall Laboratories
and a NASA/ARC approved outside vendor facility using equipment

which is maintained and calibrated by NASA/ARC approved outside

source,
Apparatus and Conditions

The apparatus used-in conducting tests shall be capable of producing
and maintaining the test conditions required with the scienfific
instrument under test installed on or in the apparatus both operating
and non-operating as applicable. Changes 1n apparatus conditions
from the nominal conditions specified by the appropriate test procedure
shall not exceed the assembly specification requirements or the
requirements of paragraph 6.1 of this specification, whichever lumits,

Volume

The volume of the test facilities shall be such that the bulk of the
equipment under test shall not interfere with the generation or
maintenance of the test conditions.

Standard Conditions for Test Area

Conditions for conducting the scientific experiment functional test
shall be as indicated below:

M MARSHALL TTLE SPECIFICATION NO.
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a. Tomperature:
Relatrve Humdity:

Baromeiric Pressure:

6.0 MEASUREMENTS

All measurements shall be made with instruments which conform to

25 +3°C (77° £ 5°F)
55 percent or less

Room ambient (correct to 29: 92
inches Hg 1f so specified in the
applicable equipment specification)

acceptable accuracy standards and which arc appropriate for the
parameters measured and the environmental conditions concerned.

The accuracy of these instruments shall be verified prior to conduct
of test, Documentation specifying instrument accuracy, calhbration

periods, calibration facilities, and the procedure used to control
instrument certification shall be avdilable for review at all times,

6.1 Tolerances

The maximum allowable tolerances for test conditions shall be as
follows, unless otherwise specified by the applicable test section

in the test procedure,

a, Temperature:

b. Relative Humid:ily:
C. Vibration Amplitude:
d. Vibration Frequency:

Voltage:

Additional Tolerances:

7.0 TEST SEQUENCE

. o
Plus or minus 2 C (exclusive of
accuracy of instruments)

Plus 3 percent RH, minus 2 percent
RH

For Sinusoidal: Plus or minus
10 percent
For Random: Plus or minus 3 db

Plus or minus 2 percent
Plus or minus 1 percent

Additional tolerances shall be as
specified

Unless otherwise specified the test sequence for the qualification
of the prototype Plasma Probe Instrument shall be as follows:

a. Functional Test No., 1

b. Interface Verification

c. Operxational Test No. 1

d. Abnormal Voltage Test

e, Operational Test No. 2

£, Onezrational Test No, 3

g. Weight and Center of Grawvity

h. Moments of Inertia

1. Sinusoidal Vibration, Test

e Operational Test No, %4, 5, 6

k. Random Vibration Test
M | AARSHALL TITF SPECIFICATION 1O Rev
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. 1. Urperational Test o, 1, 2, €
. Temperature Test
Ti, Thermoal Vacvum Test
Ce O-ersticnal Test No, .7
"o Suppressicn Vclitage Tesy
Qo Orevational Test No, 11
To Magnetic Test
Se “uacticonal Test Vo, 2
8.0 PERFORMANCE RECORD
Prior to conducting any of the tests specified herein, the Plasma
Probe Instrument shall be subjected to a comprehensive operational
test under standard conditions and a record made of all data necessary
to determine compliance with the applicable instrument specification.
This data shall provide a basis for checking satisfactory performance
of the equipment during or after environmental tests. A chronological
scientific instrument log of performance data shall be maintained and
available at one central location throughout the test program and shall
indicate accumulated running times suitable for reliability review.
ntries shall be complete, self-explanatory and include, but not be
l mited to, the following:
Date and time of entry
Identity of test or inspection
. Environmental conditions
d. Test procedure reference (if applicable)
e, Characteristics being investigated
f. Parameter measurements
g. Complete 1dentification of instrumentation used, including
serial no, and calibration dates.
h. Failure observations and discrepancy report reference made
as a result of failure or unusual performance.
1. Accumulated operating time
|
je Repairs, adjusiments and design changes made
K. Record unusual or questionable occurrence involving the
instrument being tested or other equipment being used in
the test.
M | MARSHALL TILE SPECIFICATION NO REY
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9.0

10.

1.

11,

1

1. Record "guick fixes' used during test or other changes
that may not become design changes,

m. Identity of individual making entry
INSTALLATION CHECK

Following installation in the test apparatus and prior to test, the
scientific instrument shall be inspected sufficiently to insure that

no malfunction or damage was caused due to faulty installation
procedure or handling.

CAUTION: Use 6-32 screws for mounting, 5 places. Torque 9 in-1lbs
T % Z in-lts (see Page 49S).

CRITERIA FOR FAILURE

With the concurrence of the Marshall Laboratories authorized
representative, degradation or change in performance of the Plasma
Probe Instrument or any part thereof which exceeds limits established
by its specification and applicable test procedure during any test
period shall be considered as a failure. Testing shall be discontinued
until the malfunction {including design defects) is corrected. If

the corrective action consists of simple repair, such as replacement
with 1dentical parts, the complete test procedure under which

failure occurred (such as wvibration, shock, etc) shall be repeated

in its entirety without equipment failure before proceeding to the

next test. If corrective action such as redesign, 15 required, the
test procedure under which failure occurred shall be repeatcd

as indicated above after repairaction.In addition, if such redesign
affects the results of previously completed tests, such tests shall

-be repeated.

FAILURE REPORTING

Should any discrepancy occur during the flight acceptance testing of
the scientific instrument resulting in criteria for failure as outlined
in paragraph 10,0 the test shall be stopped. Marshall Laboratories
shall notify NASA/ARC immediately (within 24 hours) by TWX

of the failure and forward to NASA/ARC a report on the failure
proposing corrective action, The failure report shall be completed
on a "Scientific Instrument Failure Report! form supplied by
NASA/ARC. An analysis shall be made of the cause of failure and
changes proposed to correct the difficulty, The failure shall be
entered 1n the scientific instrument log together with an analysis

of the cause of failure and the course of action planned to climinate
the difficulty.

Failure Requiring Design Change

Should the failure require a design change, as determined by
Marshall Laboratories, descriptive information must be forwarded
to NASA/ARC [or approval. This data shall include a description
of how the change was developed, the nature of the change 1itself,
justification that the change will provide adequate design margin

to preclude recurrence of similar failures, evidence that the change
will not cause detrimental interaction with other portions of the

L
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11.2

i1.3

12,0,

13,0

13,1

13.2

article under test, resulting in other failures at a later date and
the amount of retest required.

Failurc Requiring No Design Change

Should the failure not require a design change, as determined by
Marshall Laboratories, justification for not changing the design shall be
forwarded at once to NASA/ARC for approval.

Failure Report Form

A detailed report form {NASA form 103f} shall be made by Marshall

Laboratories on each failure occurring during flight acceptance testing
of the scientific instrumeni,

The reports shall include details relating to the failure and corrective
action taken and shall include but not be Iimited to the following:

a. The component name and part number,

b, The cause of failure and analysis,

c. The end item operation time at failure,

d. The replacement commponents needed for repair.

e. The disposition of fix,

f. Corrective action,

.EVALUATION OF INSTRUMENT

The scientific instrument under going environmental exposure

shall be operated whenever applicable for obtaining performance

data, Where practicable, provisions shall be included to verify
satisfactory performance of redundant parts. The performance

data of the instrument under conditions of succeeding tests shall

be comparable to that data obtained in compliance with paragraph 8.0.
A physical inspection shall be performed at the completion of each
test to determine any evidence of visable deterioration,

TEST PROCEDURES
Functional Test No, 1

The functional test shall be performed in accordance with Marshall
Laboratories Functional Test Procedure S 46251, Data shall be
recorded on data sheets suoplied with test procedure 8§ 46251,

The recorded data shall then become part of the scientific instrument
test performance log,

Interface Verification

The data for interface verification shall be recorded in the appropriate
section of the scientific instrument test performance log.
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13,2.1 Mechanical

a"

The sensor and electronics assemblies shall be checked

to determine that both are fabricated in accordance with thé
interface drawings in the spacecrait interface' specificafion
PC-121.,07 Revision 4, Verification will include dimensional
size, mounting heles, connector locations, exterior finishes,
intercabling and any other characteristics which may have
influence on the spacecraft,

The connector types (including total number of pins) shall
be checked against the connector and interconnecting wiring

diagram ML No. 544001,

13,2,2 Elecirical

a,

3 3%

*

The input signal load impedance at cach pin of the spacecraft
connector on the scientific instrument shall be meacured in
the following manner: ;

Pulses

Pulses- shall be measured with a clip-on type AC current
probe and monttored with an oscilloscope to measure 1aputl
current per paragraph 13,.3.4. Input signal load uinpedance
shall be calculated by dividing the i1nput voltage by the input
current. Load impedance shall be as indicated Lelow:

Pulse Test Points

Fanction Pin No, {J1) Impedance
1.) 16.384 KC Clock 16 = 3,3K
2.) Shift Pulse 3 = 3. 3K
3.) Sun Pulse 14 > 3,3K
4.} Command Calibrate 9 7 1K
5.) Command Suppression 21 7 1K
Measure capacitance with G.R. Bridge
DC lL.evels

Input voltage shall be measured using a 10 mg high impedance
probe per paragraph 13.3,2., For dc levels insert 1K, = 1%
resistor in series with subject line and measure voltige on
both sides of the 1K resistance. Load ithpedance shall be
determined by the following relationship:

IDENT NO 13124

e
R, = e : o Ry
17 72 '
Where Rl = 1K Q
. & = =g, as measuﬁred across R1
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DC Level Test Points

Function Pin No. {J1) Irmpedance
1.) Main Frame Woird Gate 8 z 20 K + « 300 pf
Z.} Bit Rate 512 7 to ground
3.) Bt Rate 256 18 = ,
4.) Bt Rate 64 23 0T 1 <00
5.) Duty Cycle Storage Mode 6 ¢ groun

Measure capacitance with GR Bridge .

The total power required by the scientific instrument shall

be measured with the scientific instrument operating at each

of the spacecraft data rates and with a bus voltage of + 28.0

+ 0.3 VDC. The totzal power shall not exceed 3.5 watts.

Power shall be calculated by multiplying 28 volts x the 1nput
current as measured per paragraph 13,.3.3, The 1nput surge
current shall be measured with the instruments and method
described in paragravh 13, 3,4, and method described in ML
Specification 546251, para. 11,1.1, he input noise level shall be
measured with the instruments described in para. 13.3.5 and
method described in ML Specification 546251 paragraph 11,1,2.
The signal wave shape levels of pulse width, rise and fall
times (as applicable) of the scientific instruments output
signals shall be within the tolerances specified as shown

in Figure 2 when bus voltage is established at + 24.0 VDC

and + 33.0 VDC. Signal wave shapes shall be measured

per paragraph 13,3,1,

ML FORM 201

D 13.3 Measuring Instruments
i "The instruments used in performing the electrical measurements
required for qualification testing of the Plasma Probe instrument
shall have the following capabilities:
13.3.1 Pulses
Pulse characteristics shall be measured with an oscilloscope having
the following characteristics:
a. Vertical Channel
Bandwidth = 10 megacycles
Accuracy . < 3 percent
Input Impedance 2 10 megohm
b. Horizontal Sweep
Accuracy < 3 percent
13.3.2 ° DC Voltages
DC voltages shall be measured with a Digital Voltmeter having the
following characteristics: I
i
) |
[ A— R T . .
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Signal Description

Series of pulses syn-
chronized to within

10 ps of bit shift pulse,
A pulse shall indicate
one and no pulse shall
indicate zero,

voltage.

word,

0
+
I From Instrument - 0.1 -~ 0,02
o
s 8
8=
é Frorn Spacecraft ~ 0.5 None
9 Inst ent < 1000 for 1
g m nstrpmen bit A/D Conversion
"g * Accnracy
%) 1
Current to Instru=-
.§ Spacecraft 3.9 K £1% ment will be =25
}I =R kis]
@ Fall Time (at gener-
3 ator Sutput), psec <3 —_—
5 | (90% - 10%)
v
= Rise Time (at generw
B hlor output), psec =1 —_—
3 (10% - 90%)
0 i3]
— | &)
o ol :
g @ Duration p.sec
5] o (50% - 50%) 3-13 —
g ©
5
3
T
Ny - Off 0 %1 Across 3.9 K —
A d Amnlitude
& g 3 (+) Volts
et H I
SIS ;‘23; +3 Norraalized
5 On 11 .2 Across 3.9 K 0 to + 3
0 e L]
=
e Orgin Scientific Instrument | Scientific Instrument
B
3]
u

Normalized analog
One line
required for each

. Nomenclature Digital Data Analog Data
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13.3.3

13.3.4

13,3.5

13.4

13.5

a. Accuracy £ ] percent
b. Input Impedance z 10 megohm
IDC Current

DC current shall be measured with an insertion type ammeter or

a clip-on type ammeter or by measuring the voltage drop across

a precision resistor inserted in the line. The measurement technique -
selected shall have the following characteristics:
a. Accuracy < 3 percent
b. Insertion Impedance < 1 ohm
Current Surges

[ate: Reference functional Test S16251 paragraph Ll.1,1

for data.

a, Accuracy £ 5 percent

b. Insertion Impedance < ] ohm

.Noise

Wote: Reference Functional Test S46251 paragraph il.i.2

for data.

Operational Test No. 1

An operational test shall be performed per Marshall Laboratories
Specification 546250 upon completion of interface verification. In
addition, a visual-mechanical inspection shall be conducted at this
time to ascertain any detriment effect in mechanical integrity,

The visual-mechanical inspection shall bé performed prior to
performance of the operational test. The recorded data shall ¢
then become part of the scientific instrument test performance log.

Abnormal Voltage Test

The scientific instrument shall be subjected to the following abnormal
voltages and tested to insure that no damage has resulted from these
conditions. The test results shall be recorded in the appropriate
section of the scientific instrument test performance log.

M
b
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13.5.1

Fault Voltage

Fault voltage 1s defined as a voltage which exceeds the normal

signal voltape level and which may be accideutally applied to the
input lines of the winstrument with no degradation of operation after
removal of the fault voltage. The levels listed below shall he
applied to the input lines of the instrument for not less than 1 second.

Function Pin No. (J1) Fault Voltage
16.384 KC Clock Pulse 16 6
Bit Shift Pulse ) 3 6
Word Gate 8 20
Command Pulse g, 21 6
Sun Pulse 14 6
Analog Data 24 6
Bit Rate 7, 18, 23 20
Digital Data 12 20
Duty Cycle Storage Mode 6 20
13.5.2 Operational Test No, 2
An operaticnal test shall be performmed per Marshall Laboratories
’ Specification 546250 upon completion of the fault voltage test, In
. addition, a visual-mechanical inspection shall be conducted at
this time to ascertain any detriment effect in mechanical integrity,
The visual-mechanical inspection shall be performed prior to
performance of the operational test., The recorded data shall then
become part of the scientific instrument test performance log.
13,5.3 inderveltage
Thie voltage to the scientific instrumeant sball be stepped in the
{ollowing sequence a.uad shall reiwvain in each step for not less tlan
one tirnuce. The scientific instruvu ent shall operate nor.-.ally in
steps {1}, £{2) and (6).
M [ MARSHALL TITLE SPECIFICATION NO REY
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13.5. 4

13.5. 5

. +28.0%0.3VDC
+24.0 0.2 VBC
+ 15,0 £ 0.2 VDC
+10.0 0.1 VDC
+5.0+0,1 VDG
+28.0 £ 0.3 VDC

oy o v
- - L) . »
rd

During this test the input power to the converter and the levels,
pulse width and rise and fall times of the output signals shall be
measured of the output test points listed in paragraph 13.5.6
using the method described in paragraph 13,3.4.

Overvoltage Sustained

A voltage of +36,0 £ 0.4'VDC above zero volts reference shall be
supplied to the scientific instrument for not less than 10 mainutes

to input power lines. During this test the 1nput power to the converter
and the levels, pulse width and rise and fall times of the output
signals shall be measured of the output test points lhisted 1n paragraph
13.5.6 using the method described in paragraph 13,3, 4,

Voltageé Range

The scientific instrument shall operate normally at the following
voltages for not less than 10 minutes per voltage level,

1. 24,0 0.2 VDC

2. 28.0 0.3 VYDC
3. 33.0 £0,3VDC

During this test the input power to the converter and the levels,
pulse width, and rise and fall tumes of the output signals shall be
measured using the method described 1n paragraph 13, 3.4,

Test Points

Function Pin No.(J1) Pulse Description
T ' - +3
Main Frame Data Output 12 11 -2V, pulse width
10 psec & 2 psec, t,
< 1l usec, tf < 3 psec

Analog Output Temperature 24 1.5v £, 2v
Operational Test No., 3

An operatlional test shall be performed per Marshall Laboratories
Specification S46250 upon completion of abnormal voltage tests,

In addition, a visual-mechanical iaspection shall be conducted at
this time to ascertain any detriment effect in mechanical integrity.
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13.7

13,8

13.9

The visual-rmechamcal inspection shall be performed prior to
performance of the operational test, The recorded data shall

then be‘come part of the scientific instrument test performance
log.

Weight and Center of Gravity

The weight and center of gravity of the scienfific instrument shall
be measured as outlined below and the data recorded in the scientific
instrument test performance log,

a. The weight of each integral part of the scientific instrument
(i.e., sensor, electronics, cabling, etc,) shall be determnined
to an accuracy of £ 0.01 pounds of £4,0 grams, The total
instrument weight will be 6.3 £ 0. 2 pounds.

b. The center of gravity of sensor and electronics assemblies
shall be shown by a three view drawing, and shall be referenced
o to a common point.

Moments of Inertia

The moments of inertia of sensor and electronics assemblies shall
be deterinined to an accuracy of # 10% and the results recorded
in the scientific instrument test performance log,

The moments of inertia will be: (in-lb-secz)

I
a

0.110 (Calculated)

0.110 (Calculated)

I

c 0.110 (Calculated)

Sinusoidal Vibration Test

The scientific instrument shall be attached to the test apparatus
via a rigid fixture and sumulate the attachment of the scientific
instrument in the spacecraft. The scientific instrument shall be
vibrated in each of three orthogonal directions with one direction
being parallel to the thrust axis ZZ. The scientific instrument
shall not be operated during this test. The maximum allowable
tolerance for vibration amplitude shall be £+ 10% and for frequency
shall be 4 2%. (Reference page 47 for axis orientation),

During all vibration testing, the 28v bus line shall be continuously
monitored by strip chart recorder to detect momentary electrical
grounding within the scientific instrument. The test configuration
shall be as shown in Figure 3. The sensitivity of the recorder shall
be adjusted to provide at least one volt/inch sensitivity from full
scale deflection at 28v and shall be cazable of res~onse to 1000 cps
or greatzr, Indications ol voltage soikecs shall be evidence of
failure to 2a=s vibration testing. The recordwung shall be cubrritted
as part of the scientific instrument test performance log.

i
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Instrument Fuse

5

+ 28 G
VDC
Recorder (DC-
1000 :cp3) o
Minimuwn Frequ- o Ingtrurnent
ency Resnonse
_HA mmannqu
. ~ Chassis Ground
’ ~ ‘
3 meg ohm
$ 28
VDGC—
Return
Figure 3, Vibration {Non-Operating} Test Configuration
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13,10

13,11

-

Sincsoidal Sweep Frequency

The test shall ! e condvcted |y sweeping the applied freque.acy o..ce
tara:gh each range specified : elow, The rate of change of fre~-e.cy
sLkall ! ¢ 2 octaves per u: iwute. {Reference page 47 for axis orie-tatio.,.
Periorir. oberational tests 4, 5 & 6 as outlined in paragraph 13,10

after each sine axis test. '

Test Duration Acceleration
Axis Frequency Range, cps Minutes g, O to peak

Thrust 10 - 50 1,17 5 %

(2-2) 50 -~ 100 .5 21
100 - 250 .65 14
250 - 500 .50 ; 5
500 - 2000 1.00 14

l.ateral ° 10 ~ 50 1.17 5 *

{X-X) 50 - 2000 2.65 1

and

(Y-Y)

% Or to maximum amplitude limit of test umt with approval of
NASA/ARC,

Operational Test No., 4, 5, 6

An operational test shall be performed per Marshall Laboratories
Specification $46250 upon completion of each sinusoidal vibration axis. In
addition, a visual-mechanical inspection shall be conducted at

this time to ascertain any detriment effect \n mechanical integrity.

"The visual-mechanical inspection shall be performed prior to

performance of the operational test, The recorded data shall then
become part of the scientific instrument test performance log.

Random Vibration Test

The scientific instrument shall be attached to the test apparatus
via a rigid fixture and simulate the attachment of the scientific
instrurnent in the spacecraft. The scientific instrument shall Le
vilrated in each of three orthogonal directions with one direction
heing parallel to the thrust axis ZZ, The scientific ingtrument
shall not e operated during this test, The maximurn allowa'le
tolerance for vitration amplitude shall Le + 10% and for frequency
shall be + 2%, (Reference page 47 for axis orientation), Perform
operational tests 7, 8 & 9 as outlined in paragraph 13.12 after
each random axis test,

During all vibration testing, the 28v bus line shall he continuously
monitored hy strip chart recorder to detect momentary electrical
grounding within the scientific instrument, The test configuration
shall be a8 shown in Figure 3. The sensitivity of the recorder
shall ! e adjusted to provide at least one volt/inch sensitivity from
full scale deflection at 23v and shall e capalhle of response to 1000
cps or greater., Indications of voltage spikes shall bhe evidence of
failure to pass vibration testing. The recording shall be submitted
as part of the scientific instrument test performance log.
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13.11.1

13.12

Random Motion Vibration

Gaussian random vibration shall be applied with ''G-peaks' clipped
at three times the RMS acceleration specified below. With the
scientific instrument 1nstalled, the control accelerometer response
shall be equalized so that the power spectral density (PSD) values
shall be within # 3 db throughout the frequency band. The filter
roll-off characteristics above 2000 cps shall be at the rate of 40 db
per octave, The equalized control accelerometer response shall

be passed through a spectrum analyzer with the following characteristics:

a. A filter bandwidth not to exceed 25 cps below 1200 cps or
100 cps above 1200 cps, and ‘

b. . Averaging time (seconds) of at least 75 divided by the filter

bandwidth.
All Instrument,
‘ Components,
Frequency Test Duration PDS Level Acceleration,
Axis Range, cps Minute _gLZ cps g-rms
(Z-2}
(X-X) 20 - 2000 2 each axis 0,032 8%
{(Y-Y)

-7

# Or to maximum amplitude limit of test umt with approval
of NASA/ARC,

'Operational Test No. 7, 8, 9

An operational test shall be performed per Marshall Laboratories

Specification $46250 upon completion of each random vibration axis. In

addition, a visual-mechanical inspection shall be conducted at
this time to ascertain any detriment effect in mechanical 1ntegrity.
The visual-mechanical inspection shall be performed prior to
performance of the operational test. The recorded data shall then
become part of the scientific instrument test performance log.
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13,13 Temperature Test -

The scicentific instrument shall be subjected to the thermal environ-
. ments described below:

a. With the scientific ingstruwment operating, the temperature
shall he decreased.from ambient to + 30°F in no less thau
1/2 hour and no mowre than one hour, stabilized, and held
for one (1} hour, Determine performance of instrument
per Marshall Laboratories operational test 546250 during the
period of stiabilization.

b. With the scientific instrument operating, the temperature
shall be increased from + 300F {o + 90°F in no less than
1/2 hour and no more than one (1) hour, stabilized, and held
for one {1} hour. Determine pexformance of instrument
per Marshall Laboratories operational test 546250 during the
period of stabilization.

The recorded data resulting from the thermal operational
tests shall become part of the scientific instrument test
performance log.

13,14 Thermal Vacuum Test

The scientific instrument shall be placed in a thermal vacuum chamber
with a suitable nonconducting material between the instrument and the
vacuum chamber. The chamber temperature shall be momtored using
" thermocouples placed on the scientific instrument,

13.14,1 Low Temperature Soak

Decrease the temperature from ambient to 4 14°F in a vacuum to
1075 mm of merzury. After stabilization of environment turn
the scientific Mistrument on and operate at the following duty
cycle for 2% hours:

[N [ O I
o 6 7 U 1z 16 17

2

24 hours

During the 23rd hour of operalion performance an operational test

: per Marshall Laboratories Specification 546250, The recorded data
shall then become part of the scientific instrument test performance
log,
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et
. 13.14.3 Thermal Vacuum - Flight D&E
+120°F :
- 24 hrs 24 hrs 24 hrs
Start Test S
—_— Finish
Inst. On — Test Insf
Off
+59p
24 hrs 24 hrs 24 hrs 24 hrs
-5
(1) Vacuum equal to or less than 10 mm of mercury.
{2) The temperature change at each 24-hour period shall be
accomplished in no less than 1/2 hour and no more than
' 1 hour,
p’ (3) Perform zn instrument operational test at approximately
the 23rd hour of each 24-hour cycle.
{4) Perform an instrument OFF ~ON sequence following each
operational test.
M | MARSHALL TITLE ’ SPECIFICATION NO REV
L LABORATORIES Flight Acceptance Test Procedure
TORRANCE CALIFORNIA Specification = ARC Plasma Probe S 46276 . A
CODE Pioneer C & D, Assembly ML304-1
IDENT NO 13126 SHEET 24A0F

ani FA_LE AAd



)-

13,14.2

13,15

13. l':

13,17

High Temperature Soak

With the instrument still operating at 10—5 mm of mercury,
increase the temperature to 120°F and operate at the following
duty cycle for the next 24 hours;

o I f_l R

11 l2 16 17 24 hours

During the 23rd hour of operaiion perform an operation test
per Marshall Laboratories Specification 546250, The recorded
data shall then become part of the scientific instrument test
performance log,

Operational Test No. 10

An operational test shall be performed per Marshall Laboratories
Specification S46250 upon completion of the thermal vacuum test.
In addition, a visual-méchanical inspection shall be conducted at
this time to ascertain any detriment effect in mechanical integrity.
The visual-rmnechanical inspection shall be performed prior to
performance of the operational test, The recorded data shall

then become part of the scientific instrument test performance log.

Suppression Voltage Teast

Suppression voltage shall be measured with a digital voltmeter
having the capability outlined in paragraph 13.3,2, Measurements
shall be made by partially disassembling the Plasma Probe
instrurment to expose the three driven shields, Measurements
shall then be made frorn each driven shield, with the scientific
instrument suppression mode in automatic operation, to indicate
the potential referenced to ground. The sequenced suppression
voltage shall be as follows: )

Suppression Voltage Tolerance

+ 6w + 1v
~40v + 3v
+ 6v * 1v
Ov +1lv
-25v + 2v

Test results shall be recorded in the appropriate section of the
scientific instrument test performance log.

Operational Test No, 1k

An operational test shall be performed per Marshall Laboratories
Specification 546250 upon completion of suppression voltage tests,
In addition, a visual-mechanical inspection shall be conducted at

this time to asceriain any detriment effect in mechanical integrity.
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1

3

13,18

13,18 1

13,18,2

13,19

The visual-mechanical inspection shall be performed prio: to
performance of the operational test, The recorded data shall
then become part of the scientific instrument test performance
log.

Magnetic Tests

The scientific instrument shall be magnetically tested at Ames
Research Center during integration testing in both an operating

and non-operating condition. Tests shall determine conformance
to the magnetic specifications for qualification acceptance. Results
of the magnetic tests shall be recorded in the appropriate sccticn
of the scientific instrument test performance log, :

Magnetic Field Operating

With the scientific instrument 1n an operating mode and at a radius
of 3 feet from the centroid of the scientific instrument, the stzady
state magnetic field induced by the scientific instrument shall be
less than 2 gamma. The fluctuating magnetic field shali be held
to leds than + 0.5 gammma after being subjected to a standardizing
magnetic field of 25 oersteds.

Electro Magnetic Interference

The scientific instruments "signature” will be obtained utilizing
test methods specified in MIL-I-26600. The "signature' will bé
a plot of amplitude versus frequency in each of three (3) RF
categories:

a. Susceptibility

b. Conducted
c. Radiated

Functional Test No, 2

The functional test shall be performed in accordance with Marshall
I.aboratories Function Test Procedure S46251. Data shall be
recorded on data sheets supplied with test procedure S46251.

The recorded data shall then becorne part of the scientific
instrument test performance log,
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Alternate

* One (1) reproducible and 6 prints of each.
reproducible and six (6} 8-1/2 x 11 prints),

Test Facility Engineer:

Name

I TEST FACILIT ¥ RESPONSIBILITY AND REQUIREMENTS

- The test facility shall provide one person and one alternate f{o monitor
the test program detailed 1n S44274
call during the duration of this test and shall be 1dentified,

These people shall be on 24 hour

Address

Phone

Name

Address

Phone

when not in use.

14,2 Responsible test person shall provide a formal report to include
all raw data such as temperature vibration charts, tapes, special
graphs, photographs and miscellaneous test notes,

14,3 FPhotography equipment to be provided that 1s capable of taking
good quality negatives {35 mm or equivalent) approximately Twenty-
Five (25) 8-1/2 x 11 prints required, *

14.4 Provide necessary data recorders for tests outlined in 54627¢
1
14,5 Provide instrument handling and transporting carts with nower
strip.
14.6 Provide safe storage for scientific instrument during periods

(One Half/ Tone
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SCIENTIFIC INSTRUMENT
PERFORMANCE TEST LOG

Test 13.1 Functional Test No. 1
' Date ! Time Perforrmed At
Conducted By Organization

Witnessed By

Organization

Applicable Test Proc

ecdure _" MIL-8 46251

INSTRUMENT DATA

Title ARC Plasma Probe for Pioneer C & D

Model No.

MI.-304 Unit

Prototype

Serial No,

TEST AREA ENVIRONMENT

Temperzaiure

Relative Humidity

Parometric Pressure

TEST . PARATUS AND INSTRUMENTATION

Description Tvype Migr, Calibration Date
SUPPCRT EQUIPMENT o
Descrintion Type Mier. Calibration Date
i
? .
) - ; o
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SCIENTIFIC INSTRUMIENT
PERFORMANCE TEST LOG

PERFORMANCLE DATA

.'L‘otal Operating Time

Test End Date

-

NOTE: Aunnlicable test procedure data forms shall he completed and attackad to flus

performance test log as an integral part of it,

REPAIRS, QUICK FIXES AND ADJUSTMENTS

DESIGN CHANGES AND NOTES
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SCIENTIFIC INSTRUMENT
PERFORMANCE TEST LOG

13,2

Interface Verification

. Test

-~ Date Time Performed At
Conducted By Organization
Witnessed By Organization

Avnplicable Test Procedure

PC-121.07 Revision 4

1 INSTRUMENT DATA

Title , ARC Plasma Probe for Pioneer C & D
Model No. ML.-304 Unit Prototype
Serial No, 2

TEST AREA ENVIRONMENT

Temperature

Relative Humidity

Barometric Pressure

TEST APPARATUS AND INSTRUMENTATION

M | MARSHALL
'] LABORATORIES
TORRANCE CALIFORIA

TITLE

[CODE e
IDENT MO 131726

Flight Acceptance Test Procedure
Specification - ARC Plasma Pinhe
Pioneer C & D, Asscmbly ML-301-\

§ 4627+

SPECIFICATION O

Dascription Type Mfgr, Galibration.Date
. ;
’ SUPPORT FQUIPMENT :
i
Descrintion Type Migr. Calibration Date
b e = bt
) ) !
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SCIENTIFIC INSTRUMENT
PERFORMANCE TEST LOG

PERFORMANCE DATA

' Total Operat‘lng Time
Y, -

Test End Date .

L NOTE: _Applicable test proceduxe data forms_shall be cornpleted and attached to this

performance test log as an integral part of it,

REPAIRS, QUICK FIXES AND ADJUSTMENTS

=

By

DESIGN CHANGES AND NOTES

-

Nt

+

-

).

1
L
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SCIENTIFIC INSTRUMENT
PERFORMANCE TEST LOG

MECHANICAL

Confoimance to ML No. 544000 and ML No, 54400!

ITEM

VERIFICATION OR REMARKS

Dimensional Check

Mounting Holes

Connector Locations

Exterior Finishes

Intercabling Characteristics

Interface Characteristics

J1l Connector and Wiring Check

J2 Connector and Wiring Check

Identification and Marking

ELECTRICAL
Pulse Tests
. FUNCTION FIN. IMP RESULTS AND REMARKS
16. 384 KC Clock 16 | =3,3K
Shift Pulse 3 = 3,3K —
Sun Pulse 14 = 3.3K
Command Calibrate 9 7 1K
Command Suppression 121 “ 1K
DC LEVELS
FUNCTION PIN IMP RESULTS AND REMARKS
Main Frame Word Gate 8 2 20K |
Bit Rate 512 7 2 48K }
Bit Rate 256 18 2 48K _—
Bit Rate 64 23 = 48K ‘
Duty C;cle Storage Mode 6 = 48K

4
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SCIENTIFIC INSTRUMENT
PERFORMANCE TEST LOG

POWER, CURRENT AND NOISE

Functign

Operational Limat

Results and Remar'-s

Totzl Power

3.5 Watts

Input Surge Current

As indicated below

Input Noise I.evel

=20 mv pp

',

lL.oad Current

Input Surge Current

Current Surges, when switched to a
power bus of 28 +5 VDC with a source

-4

impedance no greater than 1 ohm resistive,

shall not‘exceed the following:
4

Greater than 500 ma

Greater than 200 ma

Maximum Duration

Greater than 110% of 1l second
normal steady state

5 microseconds

50 milliseconds

U FNHA 0y

e
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SCIENTIFIC INSTRUMENT
PERFORMANCE TEST LOG

" 3
T

Test 13.4 Operatl'onal Test No, 1
._(Date Time Performed At
1 Conducted By Organization
Witnessed By Organization
Applicable Test Procedure .. ML-5 46250

b INSTRUMENT DATA

Title ARC Plasma Probe for Pionecer'C & D
Model No, MI.-304 Unit Prototype
Serial No,

TEST AREA ENVIRONMENT

Temperature : Relative Humid:ity

Barometric Pressure

/R -

TEST APPARATUS AND INSTRUMENTATION

__Description Type Mfer. Calibration Date

SUPPORT EQUIPMENT

Dexcription Type Mfcr. Calibration Date
1 [VARSHALL TITLE SPECIFICATION NO. REV ™
' LABORATORIES Flight Acceptance Test Procedure
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SCIENITIF IC INSTRUMENT
PERFORMANCE TEST LOG

PERFORMANCE DATA

‘Test End Date

.’I‘otal Operating Time

this

L NQT E:.___A.{lplﬁcilblt.ﬁ)ﬁl_pxﬁf_ﬂm&.&lm_&hﬁﬂ_he coropleted and attached ta

performance test log as an integral part of it.

N
L

REPAIRS, QUICK FIXES AND ADIUSTMENTS

DESIGN CHANGES AND NOTES

;
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SCIENTIFIC INSTRUMENT
PERFORMANCE TEST LOG

Test 13.7 Aao-mal Velia.e Tes*

’ Date Time Performed At
Conducted By . Organization
Witnessed By Organization

Applicable Test Proceduare

INSTRUMENT DATA

Title ARC Plasma Probe for Pioneer C & D

Model No. ML-304 Unit Prototype

Serial No. :
TEST AREA ENVIRONMENT

Temperature Relative }:iumidity

Barometric Pressure

TEST APPARATUS AND INSTRUMENTATION

Descrintion Tvpe Migr. Calibration Date
SUPPORT EQUIPMENT
Description Type Migr. Calibration Date

i
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SCIENTIFIC II\TS'EI{UMEI\I'I"
PERFORMANCE TEST LOG

PERFORMANCE DATA -

' Total Operating Time

Test End Date
| NOT Y Annlicable test procednie data foxms shall be comnleted and attached to fhis

performance test log as an wategral part of it,

>

REPAIRS, QUICK FIXES AND ADJUSTMENTS

. DESIGN CHANGES AND NOTES

-
1
-

) :
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SCIENTIFIC INSTRUMENT
PERFORMANCE TEST LOG

'._
FAULT VOLTAGE
Function Pin F. Volt Results and Remarks
16.384 KC Clock 16 20
Bit Shift Pulse 3 6
Word Gate 8 20
Command Pulse 9, 21 6
Sun Pulse 14 6
Analog Data 24 [
Bit Rate 7, 18, 23| 20
Digital Data 12 20
Duiy Cycle Storage Mode 6 20
. g
UNDERVOLTAGE
Function“ Pin Volts Pulse Descripiion Results
Main Frame Data 12 28+, 3 10v % 2v, pulse width
Outmit 10 psec % 2 psec, tp
: ~ =1 psec, tf £ 3 usec
3
|} Analog Output 24 284, 3 1.5v £, 2v
Temperature .
Main Franie Data 12 24+, 2 10v % 2v, pulse width
Output 10 psec £ 2 pusec, t;
i < 1 psec, tf S 3usec
i Analog Output 24 2422 | 1.5v &.2v >
Temperature
Main Frame Data 12 15,2 10v £ 2v, pulse width
Qutput 10 psec £ 2 pysec, typ
p - s 1 usec, tf £ 3 usec
Analog Output -
| 'J!lemppra,ture 24 15%, 2 1.5v £ ,2v
. l |
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SCIENTIFIC INSTRUMENT
PERFORMANCE TEST LOG

3

Function Pin Volts Pulse Description Results
PMain Frame 12 | 10%.1 ig"p:ezc";: g“:::c“’ifth
Data Qutoput < 1psec, tr <3 Hselé
Analog Output 24 10 + .1 1.5v + , 2v
:Temperature
Main Frame 12 5 % .1 10v * 2v, pulse width
Data Output 10 psec % 2 psec, t,
<1 usec, ty € 3 psec
Analog Output 24 5%.1 1.5v %£.2v
Temperature
fain Frame 12 28 .3 | 10v % 2v, pulse width
Data Output 10 psec % 2 psec, t,
<1 psec, tf s 3 psec
Analog Output 24 28 .3 1,5v % ,2v
. Ternperature
OVERVOLTAGE SUSTAINED
Function Pin Volts, Pulse Description Results
s 10v # 2v, pulse width
I\’f:tl;gstarste ta 36 % .4 10 psec % 2 psec, tr
' P <1 psec, tf <3 psec
WA nalog Data o4 36 .4 | 1.5v %.2v
Temperature
VOLTAGE RANGE
Function Pin Volts Pulse Description Results
Main Frame 12 24 + .2 10v + 2v, pulse width
Data Ourout 10 psec £ 2 psec, ty
urp =l pusec, tf = 3 psec
Analog Data 24 24 £ ,2 1,5v £ ,2v
Temperature .
Main Frame 12 28 + .3 10v % 2v, pulse width {
Data Output 10 psec * 2 psec, t,
< 1 psec, ty <3 pusec
Analog Data 24 28 £,3 | 1,5v +,2v :
Temperature \
- 10v % 2v, pulse width
hg:;:géa?te 12 33 £.3 10 psec *+ 2 psec, typ
P <1 psec, ty £ 3 psec
Analog Data 24 33,3 | 1.5v&.2v ' -
Temperature
b | MARSHALL TILE SPECIFICATION NO. REV
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 SCIENTIFIC INSTRUMENT

PERFORMANCE TEST LOG
i
Test 13,5.2 O»erational Test No. 2 -
Gate Time Performed At
Conducted By Organization !
Witnessed By Organization
Avplicable Test Procedure ML-8 45250

INSTRUMENT DATA

Title ARC Plasma Probe for Pioneer C & D
Model No. MI1.-304 Unit Prototype
Serial No.

TEST AREA ENVIRONMENT

Temperature

Relative Humidity

Barometr:c Prossure

TEST APPARATUS AND INGSTRUMENTATION :

| _Description Tvpe Mfgr, Calibration Date
SUPPORT EQUIPMENT
Descrintion Type Mfgr, Calibration Date
o - :
] ) MARSHALL . . SPECIFICATION NO REY
LABORATORIES Flight Acceptance Test Procedure
L TORRANCE CALIFOPHIA Specification ~ ARC Pliasma Probe 15 46276
CO0E T Pioncer C & D, Assem‘rbly ML, =304+ —_—
IDENT MO 13125 SHEEY 41  OF )

ML FORM 201



SCIENTIFIC INSTRUMENT
I PERFORMANCE TEST LOG

PERFORMANCE DATA

wal Operating Time ‘

-

Test Fnd Date

L@QJ?@AmMueﬁmeMImmmmemmM&ﬂ.
performance test log as zn integral part of it,

i

REPAIRS, QUICK FIXES AND ADJUSTMENTS

’ DESIGN CHANGES AND NQTES

.] MARSHALL TITLE SPEGIFICATION MO REY
LEBORATORIES Flight Acceptance Test Procedure
,; TORRANCE CALIFORMIA Specitication - ARC Plasma Probe S 46276
COSE g Pioneer C & D, Assem?ly ML-304% - .
IDENT MO 3125 SHEET 42 OF
ML FORM 201 >
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CSCIENTIFIC INSTRUMENT
PERFORMANCHYE TEST LOG

—
.“_gg_t 13.5 Operational T=si No. 3
o Datf_ Time Performed At .
Conducted By Organmization
Witnessed By _ Organization
Avpplicable Test Procedure ML-S 46250
. INSTRUMENT DATA 5
Title ARC Plasma Probe for Pioncer C & D
Model No. ML.-304 Unit Prototype
Serial No.

TEST AREA ENVIRONMENT

Temperature Relzative Huraidity

Barometric Pressure

1

oy

TEST APPARATUS AND INSTRUMENTATION

,‘Dcscriptiorx Type Mfgr. . _Galibration Datc

SUPPORT EQUIPMENT

Descriotion Type Mifgr. . __Calibration Diate

4 | BARSHALL TiTLE SPECIFICATION NO
b LAEORATORIES Flight Acceptance Test Procedure
L TORRANCE CALEGIIA Specification - ARC Plazina Probe S 46276

Pioncer C & D, Assemihly ML-304+

COCE
IDENT NO 13125 - SHEET 43 of




SCIENTIFIC INSTRUMENT
PERFORMANCE TEST LOG

‘ ' PERFORMANCE DATA
"otal Operating Time ‘Test End Date
L NOT = Applicable test procedure data forras shall be completed and attached to this

performance, test log as an integral part of it.

REPAIRS, QUICK FIXES AND ADJUSTMENTS

DESIGN CHANGES AND NOTES

pp | MARSHALL TILE SPECIFICATION NO REV

LABORATORIES Flight Acceptance Test Procedure
L TORRANCE CALIFORMIA Specification - ARC Plasma Prohe |, S 46274
CODE e Pioneer C & D, Assembly MI1.-304-)
IDENT 1O 13125 ; ; SHEET 44 OF

. WL FORM 201
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SCIENTIFIC INSTRUMENT
PERFORMANCE TEST LOG

4

Test 13,7 Weight and Center of Gravity .
__‘_,_‘)ate - Time Performed Al
GConducted By Organization
Witnessed By Organization !
Applicable Test Procedure

INSTRUMENT DATA

Title ARC Plasma Probe for Pioneer C & D
Madel No. MI-304 Unit Prototype
Serial No, :

TEST AREA ENVIRONMENT

i‘ emperature Relative Humidity

Earometric Pressure

TEST APPARATUS AND INCTRUMENTATION

Description Type Mifor.,

Calibration Date

e

y_ ,

SUPPORT EQUIPMENT

Description Type Migr. Calibration Date
- —
g | MARSHALL THLE SPECIFICATION NG REV
! LEGORATORIES Flight Acceptance Test Procedure
L TGRRANCE CALIFORIIA Specification - ARC Plasma Proka q 46276
CoPE g Pioncer C & D, Asscm}gly ML-30%-\
IDENT NO 1J ALY SHEE" 45 OF

- A

WL FORM 201



SCIENTIFIC INSTRUMENT
PERFORMANCE TEST LOG
!

’ PERFORMANCE DATA

.‘otal Operating Time Test lind Date i
LNOIJ:?;_*ALLQU_C_&MQJeth_pLo.c.tdux_e_daIMmﬁ_&hall he campleted and attachoed to this
performance test log as an integral part of it. !
REPAIRS, QUICK FIXES AND ADJUSTMENTS
f
.‘ DESIGN CHANGES AND NOTES
. L
- ) , _
H MARSHALL TITLE SPECIFICATION NG REY
LABORATORIES Flight Acceptance Test Procedure
l}- TORRANCE CALIFORMIA Spcc1f1catlon - ARC Plasma Probe S 45276
SODE R Pioneer C & D, Asscmbly MIL.-304- .. .
IDEN} O 13124 SREET 46 OF -

ML FORM 201
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SCIENTIFIC INSTRUMENT
PERFORMANCE TEST LOG

=

o N0 13126

Pioneer C & D, Assemibly ML-304-l

. WEIGHT
Item Caliculated Actual
Scnsor 2,1
Electronics 1.8
* Cabling .9
Hardware 1.5 .
Total 6.3 % ,21bs |
M M ig%%%lﬁl} ORIES TIET‘IiEght Acceptance Test Procedure SPECIFICATION NO e
L TORRANCE CALIFORI{IA Specification - ARC Plasma Probe § 46276

SHEET 47 oF
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SCIENTIFIC INSTRUMENT
PERFORMANCE TEST LOG

! X
- ol a T
o
(o)
+Y EO ___@ B -Y ;
6-32 screws for mounting,
5 places. Torque 9 in-1bs
! + 2 in-1bs,
o J
o)
-X
e —ee i
. | + Z £ 1
i
1
|
' ]
| - —
Al |
l 1
EP SN |
D ] y I D
1) |
i
L]
?
1
h
' :
~-Z
CENTER OF GRAVITY )l
Scientific Instrument Assembly
py | MARSHALL THLE SPECIFICATION NO REV
LABORWTORIES Flight Acceptance Test Procedure
L TORRANCE CALIFORHIA Specification ~ ARC Plasma Probe S 46216
COGE pa Pioneer C & D, Asseinbly ML-301-1
IDENT NO 13126 SHEET 48 OF




SCIENTI¥IC

INSTRUMENT

PERFORMANCE TEST LOG

Test

13.8 Moments of Inertia -

. Date

Time

FPerformed Al

Conducted By

Orgamzation

Witnessed By

Orpanization

Anplicable Test Procedure

INSTRUM ZNT DATA

Title

ARC Plasma Probe for Piomeer C & D

S

Modecl No.

ML-304

Unit

Prototype

Serial No.

e

e

TEST AREA EINVIRONMENT

Temperature

Relative Hum:idity

Baromuetric Pressure

et e

e

TEST APPARATUS AND_INSTRUMENTATION

Descrintion

Tvpe

MfEr.

Calibration Date

S

Description

UPPORT EQUIPMENT

Type

Calibration Date

e

u |HRRSHALL
| LABORATORIES
TORRANCE CALIFORMIA

1T

Flight Acceptance T est Procedure

specitication - ARC Flasma Probe

ConE S as
IDENT NO 13175

Pioneer C & D, Assemply ML-303+

et

SPECIFICATION HO REV
S 46275
SHEET 49  OF




SCIENTIFIC INSTRUMENT
PERFORMANCE TEST LOG

PERFORMANCE DATA

.‘otai Opecrating Time

—

Test End Date

- NOTE: Applicable test procedure data forms shall he completed and attachad tathis

performance test log as an integral part of 1it.

REPAIRS, QUICK FIXES AND ADJUSTMENTS

DESIGN CHANGES AND NOTES

| MARSHALL TITLE SPECIFICATION NQ REV
' LABORATORIES Flight Acceptance Test Procedure ) .
L TORRANCE CALIFORINA Specification - ARC Plasma Probe § 46276 |

CODE . 4 Pioncer C & D, Assembly ML-304- -

IDENT NO 15125 SHEET 59 OF

ML FORM 201 i oy




SCIENTIFIC INSTRUMENT
PERFORMANCE TEST LOG

MOMENTS OF INERTIA

IDENT NO 13126

W Axis Moments- Actual

la 0.110 in-lb-sec’
Ib 0.110 in-lb—sec2
Ic 0.110 1n-lb-sec’

“M MARSHALL TITLE SPECIFICATION NO. REV

LABORATORIES Flight Acceptance Test Procedure
. L TORRANCE CALIFORNIA Spec1f1cat10n - ARC Plasma Probe s 46276
o Pioneer C & D, Assemply ML.-304-

SHEET 51 OF

ML FORM-201

ot e




SCIENTLFIC INSTRUMENT
TEST LOG

PERFORMANCE

‘ Test

13.9 Sinusoidal Vibration Test

.)ate

Time Performed At
Conducted By QOrganization
Witnessed By Organization -

Anpplicable Test Procedure

INSTRUMENT DATA

Title

ARC Plasma Probe for Pioneer C & D

Model No.

ML-304 Unit

Prototype

Ser§a1 No.

e

TEST AREA ENVIRONMENT

Temperature

Relative Humidity .

Barometric Pressure

TEST APPARATUS AND INSTRUMENTATION

Calibration Date

Description Type Migr, Calibration Date
SUPPORT FEQUIPMENT
Description Type Migr,

i1 |MARSHALL

1 LABORATGRIES
TORRAINCE CALIFGRHIA

TITLE

Flight Acceptance Test Procedure
Spediication - ARC Plisma Prole

CODE
[DENT NO

13179

Pioncer C & D, Asscmyiy ML -304-

SFECIFICATION NO.
S 46276

SHEET B2 OF

ML FORM 201



SCIENTIFIC INSTRUMIENT
PERFORMANCIE TEST LOG

PERFORMANCE DATA

—

“gtal Operating Time Test End Date

:NQJLEE__AppJ.iQaMQ_Le,szmocs.dur.e,daia.ﬁoms.shall he_com nleted and atiached todhis .
‘performance test log 25 an integral part of it,

: REPAIRS, QUICK FIXES AND ADJUSTMENTS

DESIGN CHANGES AND NOTES

o~

@ — Y ReY
i I Q_E%%%lﬁ%— ORIES -%E.liéht Acceptance Test Procedure SPECIFICATION NO
L TORRANCE CALIP"GR.“‘}A\ -Specification - ARC Plasma Probe § 46276
CGOE P Pionecer C & D, As seml}ly ML-3041
IDENT NO ]3 £1) ) SHEET 53 OF

™I FORM 201



- e

e i o e
SCIENTIFIC INSTRUMENT
PERFORMANCE TEST LOG
‘ SINUSQIDAL SWEEP
- Axis Frequency Range Time g Load Remarks
Z.-7 10 - 50 ¢ps 1.17 min 5
Z-Z 50 - 100 cps .5 min 21
Z-Z 100 - 250 cps . 65 min 14
| IiZ.—Z 250 - 500 cps .5 min 5, _
Z-7 500 -~ 2000 cps 1.0 min 14
X-X 10 ~ 50 cps 1,17 min 5
xX-¥X 50 -~ 2000 cps 2. 65 min 14
Y-y 14 - 50 cps | 1,17 min 5
Y-Y 50 - 2000 cps 2.65 min 14
(
¢
M H iﬁ%%!}‘?lﬁ%‘oﬁiﬁs Tg.%gght Acceptance Test Procedute SPECIFICATION HO. REV
L | joRRANCE CALIEGRNIA Specification - ARC Plasma Probe S 46276
o0 Pioncer C & D, Assemply ML-304 !
DENT 1O 13126 SHEET 54 OF |

. an



SCIENTIFIC INSTRUMENT
PERFORMANCE TEST LOG

Tesgt 13,10 Operation2l Test No. 4, _

’Date ’ Time Performed At
Conducted By Oreanization
Witnessed By Organization
Applicable Test Procedure - ML-S 46250

INSTRUMENT DATA

Title . ARC Plasma Prote for Pioneer C & D
Model No. MI1.-304 YUnit Prototype
Serial No,

TEST AREA ENVIRONMENT

Temperature Relative Humidity

Barometric Pressure

TEST APPARATUS AND INSTRUMENTATION
T

Description Type Migr, Calibration Date

\..._.

SUPPORT EQUIPMENT

Descrintieon Type Mfigr, Calibration Date

-~

. *
)

t MARSHALL TITLE SPECIFICATION NO.
LABORATORIES Flight Acceptance Test Procedure
,L TORRANCE CALIFORNIA Specification - ARC Plasma Probe S 46276
CODE Pioneer C & D, Assembly M1, ~-304- -
1DENT MO 13126 SHEET 55. O




SCIENTIFIC INSTRUMENT
PERFORMANCE TEST LOG

PERFORMANCE DATA

“'otal Opcrating Tune

Test End Date

L NOTE: Applicable test procedure data forms shall he completed and attached to this

performance test log as an integral part of it,

REPAIRS, QUICK FIXES AND ADJUSTMENTS

DESIGN CHANGES AND NOTES

-
,
. -
-

M | MARSHALL

TITLE

L LABORATORIES
' TORRANCE CELIFORHIA

SPECIFICATION NO

Flight Acceptance Test Procedure
Speciiication - ARC Plasma Probe

REV

S 46276
CODE oy Pronver C & D, Assemply ML-304- &2
IDENT NO 13125 SHEET 56  OF
ML FORM 201 Py
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SCIENTIFIC INSTRUMENT
PERFORMANCE TEST LOG

.'l‘est 13.10 Ooneration~l Test No. 5

r Date Time Performed At
Conducted By Qreanization )
Witnessed By Organization
Applicable Test Procedure ML-S 45250

INSTRUMENT DATA ]

Title ARC Plasma Probe for Pioneer C & D
Model No, MI.-304 Unit Prototype i
Serial No.

TEST AREA ENVIRONMENT

]
Temperature Relative Humidity

Baromeiric Pressure

e ——

TEST APPARATUS AND INSTRUMENTATION

.Description Type Migr, Calibration Date

[ret 2 =

o

SUPPORT EQUIPMENT

Descrintion Type Migr, Calibration Date

A R_S HALL TITLE . SPECIFICATION NO
LABORETORIES i'light Acceptance Test Procedure

TORRANCE CALIFCilIA Specification - ARC Plasma Probe S 45274

o—
t
L

Rev

COoE P Pioneer C & D, Assemrrbly ML -304-}
IDENT 10 13125 SHEET 57  OF




SCIENTIFIC INSTRUMENT
PERFORMANCE TEST LOG

PERFORMANCE DATA

,otal Operating Tirme . Test End Date .

_NQTE: Applicable test procedure data forms shall bhe completced and attached ta this .

performance test log 28 an integral part of it,

REPAIRS, QUICK FIXES AND ADJUSTMENTS

. DESIGN CHANGES AND NOTES

@

n | MARSHALL . S TITLE SPECIFICATION NO. REV
LABORATORIES ilight Acceptance Test Procedure
L | vorgance cauroriia Specification - ARC Plasma Probe S 46278
Pioneer C & D, Assemply ML-304~i

ot ;
IDENT 10 13125 SHEET 5 OF

o maman - e
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SCIENTIFIC INSTRUMENT
PERFORMANCE TEST LOG

Test 13,10 Obncrationzl Test No. &

-

-~ Date Time Performed At

Conducted By ‘Qrpanization

Witnessed By Organization

Applicable Test Procedure ML.-S 46259
INSTRUMENT DATA
Title ARC Plasma Probe for Pioneer C & D
Model No, M1.-304 Unit Prototype
Serial No. ,

TEST AREA ENVIRONMENT

Temperature ____Relative Humidity .

Barometric Pressure '

!

TEST APPARATUS AND INSTRUMENTATION

Description Type Migr, Calibration Date

(@

SUPPORT EQUIPMENT

Descrintion Type Mfgr, Calibration Date

) ~

g | MARSHALL THLE SPECIFICATION MNO. |
LABORATORIES Flight Acceptance Tegt Proeedure
L TORRAHCE CALIFOFNIA Specification - ARC Plasma Prote G 46276
COOE Pioneer C & D, Assembly ML -304- -
IDENT NO 13126 B SKEET 59  OF




O —-

SCIENTIFIC INSTRUMENT

PERFORMANCE TEST LOG

PERFORMANCE DATA

Test End Date

.’]‘p_ﬁtﬂ:ﬂ_ Onoe: ating Tune

performance test log as an integral part of it,

- NOT Y. _Anvlicable test procedure data forms.shall he completed and attachad to this

REPAIRS, QUICK FIXES AND ADJUSTMENTS

DESIGN CHANGES AND NOTES

.h MARSHALL
L | _LaBoRATORIES
TORRANCE CELIFORITIA

TLE

Flight Acceptance Tesat Procedure
Spectiication - ARC Plasma Probe

CuDE IIQ -~
IDENT NO

Pioneer C & D, Assembly ML-304+
&

SPECIFICATION NO REY
G 46276
SHEET GO OF oA

it v

WL FORM 201
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T BCIENTIFIC INSTRUMENT

PERFORMANCE TEST LOG
Test 13,11 Random Vibration Test J_
' Date Time Performed At

Conducted By

L]

Organization

Witnesscd By

Organization

Applicable Test Procedure

INSTRUMENT DATA

Title

ARC Plasma Probe for Pioneer C & D

Model No.

MI.-304 Unit

Prototype

Serial No,

TEST AREA ENVIRONM ENT

Temperaturc

Relative Humadity

; Barometric Pressure

TEST APPARATUS AND INGCTRUMENTATION

Description

Type Mfor.

Calibration Date

'-..

-

SUPPORT EQUIPMENT

Description Tvype Mfgr, Calibration Date
V‘M [AARSHALL TITLE SPECIFICATION NO. REV
. LABOKATORIES Flight Acceptance Test Procedure
‘- TORRANCE CALIFOFHIA Spcc1flcation - ARC Plasma Probe s 46276
ot : g Pioneer C & D, Assembly ML-304-l —_—
IDEHT NO 13125 A SHEET %1  OF

ML FORM 201



SCITENTIFIC INSTRUMENT

PERFORMANCE

TEST LOG

PERFORMANCE DATA

'Total Operating Time

Test End Date

NOTE: Apnlicable test procedure data forms_shall he completed and atlacbed to this

performance test log as an integral part of it,

REPAIRS, QUICK FIXES AND ADJUSTMENTS

!

DESIGN CHANGES AND NOTES

1 | MARSHALL
L | LABORATORIES
TORRANCE CALIFORMNIA

TITLE

Flight Accepta.zklce Test Procedure
Specitication - ARC Plasma Probe S 46216

SPECIFICATION NO

REV

CODF Pl Pioncer C & D, Asserably ML-304-
IDENT O 13126 ¥ SHEET g2  OF
ML FORM 261 el cwan

-

Mo




SCIENTIFIC INSTRUMENT
PERFORMANCE TEST LOG
RANDOM MOTION VI:ZZATION i
. Axis Frequency Ranve Time PDS gz g RMS Remarlks
Z-7Z 20 - 2000 cps 2 riin . 032 Ty
XX 20 - 2000 cps 2 v.in . 032 e
Y-Y 20 - 2000 cps Z min . 032 Sa-
y
M‘ MARSHALL TITLE SPECIFICATION NO REV
L LABORATORIES .| Flight Acceptance Test Procedure .
TORRANCE CALIFORNIA opecification - ARC PlfLsma Probe S 44276
ont " Pioneer C & D, Assenibly ML -304-1
IDENT N 13126 SHEET 63 OF

ML FORM 201



SCIENTIFIC INSTRUMENT
PERFORMANCE

TEST

LLOG

Test 13,12 Obexational Test No. T

. Date Time Performed At
Conducted By Orgamzration
Witnessed By Organization

| Applicable Test Procedure

MIL,-S§ 46250 .

INSTRUMENT DATA

Title ARRC Plasma Probe for Pioneer C & D
Model No. ML-304 Unit Prototype . ~
Serial No.

TEST AREA ENVIRONMENT

Temperature

Relative Humidity

Barometric Pressure

TEST APPARATUS AND INSTRUMENTATION

Description

Tvpe Miegr,

Calibration Date

SUPPORT EQUIPMENT

Descriotion

Type Migr,

Calibration Date

o

15 | MARSHALL
L | LABORATORIES

TORRANGE CALIFGR:A
CORE .
IDENT O 13125

HILE

Tlight Acceptance Test Proced.re

Spcerircation - ARU Plasma Proue
Pionzer C & D, Asscemply ML -304~

SPECIFICATION NO. ,

S 4427

REv

SHEET 64  OF

ML FORKM 201

JO




SCIENTIFIC INSTRUMENT
PERFORMANCE TEST LOG

PERFORMANCE DATA

l’I‘otal Operating Time Test End Date

NOTE: Anplicable test procedure data formms_shall be comnpleted and attackhed to this

periormance test log as an integral part of it.

: REPAIRS, QUICK FIXES AND ADJUSTMENTS

DESIGN CHANGES AND NOTES

-
. - - -y

% MARSHALL ! HILE , ] ) SPECIFICATION NO REV
L LABORATORIES Art " ccepizace L est Froced.re
{1 TORRANCE CALIECR'S Spccification - ARC Plasma Prcbe S 4 2

 T0E mer Pioneer C & D, Assembly ML.-304-1

IDENT NO 13125 SHEET 65  OF

ML FORM 20£ JE—

™~



SCIENTIFIC INSTRUMENT

PERFORMANCE

TEST LOG

Test

13,12 Oserational Te~t No., .8

. Date

Time

Performed At

Conducted By

Qreganization

Witnessed By

Organizzation

Applicable Test Procedure

ML-S 456250

INSTRUMENT DATA

Title ARC Plasma Probe for Pioneer C & D
| Model No. MIL.-304 Unit Prototype
Serial No.

TEST AREA ENVIRONMENT

Temperature

Relative Humidity

Barometiric Pressure

f—r

TEST APPARATUS AND INSTRUMENTATION

Description

Tvpe

Mior, Calibration Date

SUPPORT EQUIPMENT

Descrintion

Ty‘pe

Mfor, Calibration D!ate

-

M

ARSHALL

LABORATORIES

TITLE

k1icls Acceptance Test Proceduvre

SPECIFICATION NO

REV

L TORRANCE CALIFOR.I'A vpecificarion - ARC Plasma Probuz S 427
COTE — Pionzer C & D, Assemply ML-304+ )
IDENT NO 13125 SHEET 66  OF
ML FORM 201 .



SCIENTIFIC INSTRUMENT
PERFORMANCI TEST LOG

PERFMORMANCIE DATA

i e it e

Test Fond Date

.’l'otal Opcraling Tunc

 _NOTE:__Anplicahle test nroceduire data forms shall be completed and attached tothie .
performance test log as an integral part of it,

REPAIRS, QUICK FIXES AND ADJUSTMENTS

DESIGN CHANGES AND NOTES

-~

.H MARSHALL TILE ) SPECIFICATION NO REV
e tABORATORIES i<’ £ Acceilarce 'est f‘rocedure
L 1 romRance caurorata Specification - ARC Plasma Probe i
[Co0F P Pioncer C & D, Assembly ML-304-!
IDENT NO ] \'31 2‘3 SHEET 67 OfF
ML FORM 201 ,

-



SCIENTIFIC

INSTRUMENT
PERFORMANCE TEST LOG

-—— ———

~Test | 13,12 Onscralional Te:t No. 2 3 . _—
’Date Time Performed At
Conducted By Organization
Witnessed By Organiration
Applicable Test Procedure ML -S 456250

INSTRUMENT DATA

{I‘itle AXC Plasma Probe for Pioneer C & D
Model No, ML-304 Unit Prototype
Serial No.

TEST AREA ENVIRONMENT

Temperature

Relative Humidity

mpBarom etric Pressure

TEST APPARATUS AND INSTRUMENTATION

__Description

Type Mifor,

Calibration Date

SUPPORT EQUIPMENT

Description

Type Mfar.

Calibration Date

i

b [TARSHALL
L | LABORATORIES
TORRANCE CALIFGR™IA

TITLE ,
Flight Acceptance Test Procedure
Speeiiwation - ARC Plasma Prole

CoOE ",
[@ﬂﬁmc 13125

Pioncer C & D, Asscrubly ML -304

SPECIFICATION NO

S 14270

REY

SHEET 68 OF

ML FpPM 201




O PR T LI C TNSTRUNMEINT 7
PERFORMANCE TEST LOG

PERFORMANCE DATA

Test End Date

.T otal Operaiing Time

- NQTE:__Anplicable test procedure data forms_shall ba completed and_attached tothis

performance test log as an integral part of it

REPAIRS, QUICK FIXES AND ADJUSTMENTS

DESIGN CHANGES AND NOTES

. -

4 |MARSHALL

it

TITLE

SPECIFICATION NO

!

REV

. LABORARTORIES Flight Acceptance Test Procedure
L rormanice cruroamia Specification ~ ARC Plasma Probe S 4n27¢
[CODE P Pioncer C & D, Assembly ML-304-)
1DENT_NO 13126 ¢ SHEET g OF

ML FORM 201

PR



SCIENTIFIC INSTRUMENT

PER¥FCRMANCE

TEST LOG

13.13 Temperature Test

Tiune

Te.‘)t — -
. Date

[ Performned At

Tonducted By

Organization

Witnessed By

Organization

Anplicable Test Procedure

ML-S 46250

INSTRUMENT DATA

Title

ARC Plasma Probe for Pioneer C & D

mi\{odcl No,

ML-304 Unit

Prototype :

Serial No,

TEST AREA ENVIRONMENT

Temperature

Relative Humidity

TEST APPARATUS AND INSTRUMENTATION

Description

Tvpe Mfegr,

Calibratior Date

SUPPORT FQUIPMENT

» Desciintion

Type Migr,

Czalibration Date

-
L
e — e Yoy -

¥light Acceptance Test Procedure
Specification - ARC Plasma Prche

Pioneer C & D, Assembly ML -30-4-1

| ARSHALL TIILE
'L LABORARTORIES
TORPANCE CALIFOFHIA
CODE "oy
IDEHT N 13125

SPEGIFICATION RNO.

S 44274

REV

——n

SHEET 70 GF i

"ML FORY 201

e -




SCIENTIFIC INSTRUMENT
PERFORMANCL TEST LOG

PERFORMANCE DATA

Test End Date l___!_

.otal Operating Time

| NOTE: Anplicable test procedure data forms shall be completed and aitached ta this

performance test log as an integral part of it,

REPAIRS, QUICK FIXES AND ADJUSTMENTS

t DESIGN CHANGES AND NOTES

.‘"‘ : .

. -
i

i | MARSHALL TITLE SPECIFICATICN NO REY
Ty LABORLTORIES Flight'Acceptance Test Procedure
L] vormance catirosnia Specification - ARC Plasma Prob» S 45270
TODE p; P.oncer C & D, Asscrably ML -30-) -~ I
IDENT KO 13125 SHIET 71  OF

ML FQRM 20}

i . 0~




SCIENTIFIC INSTRUMENT
PERFORMANCE TEST LOG

1L.OW TEMPERATURE

Temperature

Duration Remarks

Ambient to + 33°F

1 Hour

iNOTE: Conduct Operational Test MIL.-S 46250 During Stabilization

HIGH TEMPERATURE

Temperature

Duration Remarks

From + 30°F to + 120°F

1 Hour

[

NOTE: Conduct Operational Test ML-S 46250 During Stabilization

M | MMARSHALL TTLE SPEGIFICATION HHO. REY
L LABORATORIES Flight Acceptance Test Procedure
TORRANCE CALIFORMIA Specification - ARC Plasma Probe S 445627h
i Pioneer C & D, Assembply ML.-304-|
DENT NO 13125 SHEET 72 OF

ML FORM 201
i

I




SCIENTIFIC INSTRUMENT
PERFORMANCE TEST LOG

13,14 Theomal Vacuum Test

Time

Perfoimed At

Conducted By

Organivation

Witnessed By

Organization

Applicable Test Procedure

ML-S 46250

INSTRUMENT DATA

Title

A RC Plasma Prolbe for Pioneer C & D

Model No.

ML -304

Unit

Prototype

Serial No,

TEST AREA ENVIRONMENT

Temperature

Relative Flumidity

Barometric Pressure

TEST APPARATUS AND INSTRUMENTATION

Description

Type

Mior,

Calibi ation Date

b

SUPPORT EQUIPMIENT

Descrintion

Type Mfgr,

Calibration Date

T

t e

.'M MARSHALL

LABORETORIES

TITLE

TFlight Acceptance Test Procedure

SPECIFICATION NO

[ Rev

l- TORRANCE EAUFOEEHA Speclflcatlcf‘ - ."XRC plasrﬂa. Pro")e S 46276
CoDE —_—— P Pionger C 2 D, Assembly ML-30%| 3
IDENT MO 13125 ‘ SHEE” 73 OF

ML FORM 20]


http:Perfoin.ed

SCIENTIFIC INSTRUMENT
PERFORMANCE TEST LOG

PERFORMANCE DATA

!T'otal Opcrating Time

Test End Date

1

| NOQT¥:  Apnlcahle teni proceduse data forms shall hecampleted and attached ta this

performance test log as an integral part of 1it,

REPAIRS, QUICK FIXES AND ADJUSTMENTS

DESIGN CHANGES AND NOTES /

) -

M
L

MARSHALL

LABORATORIES
TORRAHCE CALIFOEMIA

| CODE

T

IDEAT D 13195
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SCIENTIFIC INSTRUMIFNT
PERFORMANCE TEST LOG

LOW TEMPERATURE SOAK

_Step Temp Vac Mode Duration Remarks
1 14°F 107> Off Stabilize
2 14°F 107> On .6 Hours
3 14°F 107° offi | 1 Hour
4 12%F 107° On 4 Hours
5 14°F 1075 Off 1 Hour
6 14°% 1072 On 4 Hours
7 14°F 1077 off 1 Hour
8 14°p 10_S On 6 Hours

Perform_an oneratinnal test DET. MT,—SKILGZ’-')O during the 23vd honr of test

HIGH TEMPERATURE SOAK

étep Temp Vac Mode Duration Remarks
1 +120°F | 1077 On Stabilize
’ 2 y120°F | 107° On 6 Hours
3 +120°F | 107 Ot 1 Hour
4 £120%% | 1072 On 4 Hours
5 £ 120°F | 107° off 1 Hour
6 +120°F | 107 On 4 Hours
7 +120°F | 107° O 1 Hour
8 4 120°F | 107° On 6 Hours
Perform an opcrational test per ML, -S 46250 during the 23rd hour of test
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Conducted By

Organization
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Ap_phc able Test Procedure

ML -S 45250

Title

INSTRUMENT DATA

ARC Plasma Probe for Pioneer C & D

Model No,

M1i.-304

Unit

Prototype

Serial No,
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Relative Humiditv

Barometric Pressure
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.Total Operating Time

Test End Date

i

L NOTE: Apnlicable test procedure data forms shall he completed and attached. ta this

performance test log as an integral part of it,
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Applicable Test Procedure

INSTRUMENT DATA

Title

ARC Plasma Probe for Pionecr C & D

Model No.

ML-304

. Unit

Prototype ;

Serial No.
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Temperature

Relative Humidity

Barometric Prescsure

TEST APPARATUS AND INGCTRUMENTATION
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SUPPRISSION VOLTAGT
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Test 13,73 Onerational Test No. 12 _
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Conducted By Organization ’
i Witnessed By Organization

Applicable Test Procedure

ML-S 45250

" INSTRUMENT DATA

\Title ARC Plasma Probe for Pioneer C & D
Model No. ML.-304 Unit Prototype
‘Serial No,

TEST AREA ENVIRONMENT

Temperaturc

Relative Humidity

Baromctric Pressure

TEST APPARATUS AND INSTRUMENTATION
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-

Type
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Calibration Date
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SUPPORT EQUIPMENT
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Type

Miaor.

Calibration Date
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-. Date Time Performed At
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Avpplicable Test Procedure MIL-I-% 0500

INSTRUMENT DATA
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ARC Plasma Preobe for Pioncer C & D

Model No.

MI1.-304 Unit
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Temperature

Relative Humaidity
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PERFORMANCE DATA

'Total Operating Time - Test End Date

performance test log as an integral part of 1it.
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MAGNEMT FIELD OPERATING

e e et vt e e e _ —— -
.ﬂ Step_ Field | Distance Magnetic Lamit Meaewred Field
1 Stcady State 3 Feet 2 Gamrna
2 Fluctuating 3 Feet + .5 Gamma
' ELECTRO MAGNET INTERFERENCE
Charactaristic . Measurerment

Susceptibility

Conducted

Radiated
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Date
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Performned At

Conducted By
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Anplicable Test Procedure

ML-S 45251

INSTRUMENT DATA

* Barometric Pressure

Title ARC Plasma Probe for Pioneer C & D

Model No. ML-304 Uit Prototype

Serial No. _ o
TEST AREA ENVIRONMENT

Temperature Relative Humadity

TEST APPARATUS AND INSTRUMENTATION

| _Descrivtion

Tvype Migr,

Calibration Date

SUPPORT EQUIPMENT

Descriotion

Type Migr.

Calibration Date
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1.0 SCOPE
1.1 Introduction

The purpose of this report 1s to present the test results and test
procedures used in performing the Flight Acceptance Test of the ARC
Piasma Probe Instrument for Pioneer C, D and E. The flight acceptance
test program was conducted to determine the conformance of the Flight
Ore ARC Plasma Probe Instrument, part number 544100-101, model
number ML 304-1,5eri1al number 8C05-2, to the requirements specified
in section 2.1,6 in accordance with section 2,.1.1. The tests were per-
formed at Marshall Laboratories, Torrance, California and Wyle
iaboratories, Ei Segundo, California during the months of July 1967
through August 1967,

1.2 Reguirements

The objectives of the acceptance tests were to verify mechanical
and electrical spacecraft compatibility and experiment performance
requirernents when subjected to environmental tests designed to simulate
conditions which were comparable to field flight conditions in order
to provide better assurance of locating design deficiencies, The require-
mients and procedures for the flight acceptance test were outlined in
Marshall Laboratories Specifications S46258 and S46276, respectively.

[.3 Experiment Configuration

The ARC Plasma Probe Instrument, model ML -304-1, 1s a
rectangular magnesium structure 6.7" x 6.4" x 8.0". Itis base
mounted by five (5) 6-32 screws about the periphery flanges. It houses
the electronics and optics for an electrostatic energy per unit charge
(E/q) spectrometer. It i1s capable of measuring solar plasma charged
particles in terms of flux, corresponding to energy level and incident
direction of arrival. A functional block diagram of the scientific instru-
ment is shown in Figure 1.

2.0 APPLICABLE DOCUMENTS

The following documents of the latest issue and revision lefter
in effect were applicable to the extent specified herein for flight acceptance.

2.1 Specifications
ARC/NASA

2.1.1 Contract NAS 2-3374
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2.1,2 A-10202 Revision !"C" Specification for Ames
’ Plasma Probe for Pioneer
cC&D
2.1.3 PC 121.07 Revision 4" Spacecraft/Scientific

Instrument Interface
* Specification, ARC Plasma

Instrument
Marshall Lattboratories
2.1.4 S 46250 Operational Test Procedure
2.1.5 S 46251 Functional Test Procedure
2,1.6 5 46258 Flight Acceptance Test Requirements
2.1.7 S 46276 Flight Acceptance Test Procedure
2,2 Drawings
Marshall Laboratories
2.2.1 544000 Mzchanical and Thermal
Interface Diagram
2,2.2 544001 Electrical Interface and
Wiring Diagram
2.2.3 544100 Instrument Final Assembly
2.2.4 544101 Interconnection Diagram

3.0 SUMMARY

Results of the flight acceptance tests performed on the subject
ARC Plasma Probe Instrument verrfied the experiment as being capable
of meeting the requirements outlined i1n the reference 2.1, 6 specification

S 46528,

4.0 TEST CONDITIONS AND TEST EQUIPMENT

4.1 Ambient Conditions

' Unless otherwise specified herein, all tests required by the
Flight Acceptance Test Specification were performed at an atmospheric
pressure of 29,92 £ 0.50 inches of mercury absolute, a temperature
of 70 £20F, and a relative hurnidity of approximately 50 percent,
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4.2 Insirumentaiion of Equipment

Measuring and iest equipment utilizcd in the performance of
this contract has been calibrated by the Wyle Laboratories Standards
Laboratory or a commercial facility utilizing reference standards
(or inlerim standards) whose calibration has been certified as being
traceable to the National Bureau of Standards, All reference standards
utilized 1in the above calibration system are supporied by certificates,
reports or data sheets attesting to the date, accuracy, and conditions
under which the results furnished were obtained. All subordinate
standards arnd measuring and test equipment are supported by like
data when such information is essential to achieve the accuracy control
required by the subject contract.

Wyle Laboratories attests that the commercial sources providing
calibration services on the above referenced equipment, other than the
National Bureau of Standards, are in fact capable of performing the
required services to the satisfaction of the Wyle Laboratories Quality
Control Department. Certificates and reports of all calibrations
performed are retained in the Wyle Laboratories Quality Control files
and are available for inspection upon request by the customer or
Government representafive.

4.3 Test Equipment

4,3,]1 Vibration

Apparatus Manufacturer/ Range/ Wyle
Model Accuracy Number

Accelero- Endevco 0 - 1000 g 30527

meter 2272 1 5% -

Charge Unholtz-Dickie 0 - 1000 g 453Q

Amplifier 8 PMCYV + 2%

Timer Standard 1 Hour 6389
N. A. .1 sec.

Visicorder. Honeywell 8 inch 4380

1108 mig. Spec,

Servo B &K 5 - 10000Hz 6271

Oscillator 1018 + 1%

Vibration Ling 8000 1bs. 6811

Exciter B-300 N. A.

Powexr Ling 175 KVA 6374

Amplifier 1257240 N. A.



4.3.

4, 3.

2

Page 4

Apparatus Manufaciurer/ Range/ Wyle
Model Accuracy Number
Radom Iang 85 channecls 6812
Console ASDE 80 N. A.
RMS Meter B &K 1000 VAC 6823
2416 + 3%
Timer Standard 1 Hour 6835
N. A, 1.1 sec.
Thermal Vacuum
Apparatus Manufacturer/ Range/ Wyle
Model Accuracy Number
Vacuum CvVC N, A. 6863
Chamber Special N. A,
- -12
Ion Guage CVvC 107> to 10 6862
GIC-100 torr mifg. spec.

Temperature
Recorder

b

Temperature
Recorder &
Controller

Temperature
Recorder

Minn. Honey.
152C15-PSH-
226 111-171

Minn, Honey.
BY 152C(25)P
(23C) W791

Minn., Honevy.

Functional Test

Apparatus

Oscilloscope

Plug-In Unit

Digital
Voltmeter

-200F to +200F 6402
+ 0.5% span

-150 to 250F
+ 0. 5% span

5578

-100F to 300F 3186

153X60P8W7~2 + 0.5% span
Manufacturer/  Range/ Marshall
Model Accuracy Labs Number
Tektronix DC to 15MC 050
535A Freq 1 3%

Volt + 3%
Tektronix, DC to 156MC 090
CA .05v/cm to

20v/cm
Cubic Corp. 0 - 999.9 vde 1054
V-71 +.01%



Apparatus
Chart
Recorder

Power
Supply

Current
Probe

Termination
Precision
Thermometer

HV Probe

VTVM
100:1
de¢ Divider

Simulator
Unit

Monitor &
Control Unit

Printer
Unit

Current
Probe

Meter Unit

Isobox
Unit

Demodulator
Unit

Page 5

ML 339-1

Manufaciurer/ Range/ Marshall
Modcel Accuracy Labs Number
Brush 10v/line GFE 454
Mark 200 0.5%
Hewlett Packard 0 - 30 vdc 733
HP 721A 150 ma + 0. 3%
Tektronix 2ma/mv-10ma/ 1954
P 6016 mv + 3%
Tektronix Zma/mv-10ma/ 1955
011-028 mv + 3%
o o)
GSA Co. -20°C to +150 1956
T3750-293 C+ 1%
Tektronix 100 meg imped 1957
P 6013 12 kv max dc
+ 3%

Hewleit Packard 0 - 1000 v 756
HP -410B + 3%
Hewlett Packard 0 - 30 kv + 5% 1958
HP-11044A

" Marshall Labs N/A 544416-101
M1, 311-1
Marshall Labs N/A 544502-101
ML 312-1
Marshall Labs N/A 544510-101
MI, 314-1
Marshall Labs N/A 544506-101
MI, 315-1
Marshall Labs N/A 544500-101
MI, 313-2
Marshall Labs N/A 544526-101
ML 344-1
Marshall Labs N/A 544516-102



4,3.4 Operational Test

4.3

.5

Apparatus
Simulator
Unit

Monitor &
Control Unit
Printer
Unit

Current
Probe

Meter Unit
Isobox Unit
Demodulator
Unit

Oscilloscope

Plug-In Unit

Page 6

Abnormal Voltage Test

Apparatus

Power
Supply

Digital
Voltmeter

Pulse
Generator

Manuafcturer/ Range/ Marshall
Model Accuracy Labs Number
Marshall Labs N/A 544516-101
MIL 311-1
Marshall Labs N/A 544502-101
ML 312-1
Marshall Labs N/A 544510-101
ML 314-1
Marshall Labs N/A 544506-101
MI: 315 -1
Marshall Labs N/A £44500-101
ML, 313-2
Marshall Labs N/A 544526-101
ML 344-1
Marshall Iabs N/A 544516-102
MI, 339 -1
Tektronix DC to 15MC 050
535A Freq + 3%

Volt + 3%
Tektronix DC to 15MC 090
CA .05v/em to

20 v/iem
Manufacturer/ Range/ Marshall
Model Accuracy Labs Number
HewlettPackard 0 - 30 VDC 733
HP 721A 150ma + 0.3%
Cubic Corp. 0 - 999.9 VDC 1054
vV-71 + .01%
Data Pulse 10 mv to 12v 1033
106A into 50 ochms

50 nsec rise
fall time Jitter
T . 1%



Apparatus

Simulaior
Unit

Monitor
Control Unit

»

Printer Unit
Met;r Unit
Isobox Unmit
Demodulator ’

Unit

Oscilloscope

Plug-In Unit

Page 7

Suppression Voltage Test

Apparatus

Simulator
Unit

Monitor
Control Unit

Printer
Unit

Meter Unit

Isobox Unit

Manufaclurer/ Range/

Model " Accuracy

Marshall Labs N/A

ML 311-1

Marshall Labs N/A

ML 312-1 '

Marshall Labs N/A

MI, 314-1

Marshall Labs N/A

ML 313-2

Marshall Labs N/A

MI, 344-1 N

Marshall Labs N/A

MI, 339-1

Telf.tronix DC to 15MC

535A Freq + 3%
Volt + 3%

Tektronix DC to 156MGC

CA .05 v/cm to
20 v/icm

Manufacturer/  Range/

Model Accuracy

Marshall Labs N/A

MI,311-1

Marshall Labs N/A

ML 312-1

Marshall Labs N/A

M1, 314-1

Marshall Labs N/A

MI. 313-2

Marshall Labs N/A

MI, 344-1

Marshall
Labs Number

544516-101

544502-101

544510-101

544500-101

544526-101

544516-102

050

090

Marshall
Labs Number

544516-101

544502-101

544510-101

544500-101

544526-101
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Apparatus Manufaciurer/ Range/ Marshall
Model Accuracy Labs Number

Demodulator  Marshall Labs N/A 544516-102

Unit M1, 339-1

Digital Volt Cubic Corp. 0-999.9 1054

Meter V-71 VDC + .01%

5.0 TEST REQUIREMENTS, PROCEDURES AND RESULTS

5.1 Functional Test No., 1

Test By: Rene Evelyn-Veere
Performed: 22 July 1967 at Marshall Laboratories

5.1.1 Performance Criteria

The functional test shall be performed in accordance
with Marshall Laboratories Functional Test Procedure S46251, ~Data
shall be recorded on datz sheets supplied with test procedure S46251.
The recorded data shall then become part of the scientific instrument
test performance log.

5.1.2 Test Procedure

The Plasma Probe Instrument was subjected to a functional
test in accordance with the requirements of Marshall Laboratories
Functional Test Specification S46251, Data was recorded in the instrument
log and the functional test procedure performance log. The general test
setup configuration is shown in Figure 2.

5.1.3 Teast Results

All data were norrn"la.l.

5.2 Mechanical Interface Verification
Test By: Jack Evans
Performed. 22 July 1967 at Marshall Laboratories

E.2.1 DPerformance Criteria

The sensor and electronics assemblies shall be checked
to determine that both are fabricated in accordance with the :~terface
drawings in the spacecraft interface specification PC 121.07 Xevision 4.
Verification will include dimensional si1ze, mounting holes, connector
locations, exterior finishes, infercabling and any other characteristics
which may have influence on the spacecraft.
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The conneclor types (including total number of pins)
shall be checked against the connector and ialercomnecting wiring diagrams.
given in the spacccraifl interface specification PC 121. 07 Revisioa 4,

5.2.2 Tesl Procedure

The Plasma Probe Instrument was visually inspecied
and measurcd to determine conformance waith the applicable interface
drawings and specificaiions.

5.2.3 Test Results

The instrument did conform to the applicable drawings
and specifications.

5.3 Center of Gravity and Weight

Note, This test was not performed as agreed by Mr, R, H.
Mason (ARC) and Mr. D. 1. Chinburg (MI).

5,4 Momeni of Inertia '

Note: This test was not performed as agreed by Mz, R.H.
Mason (ARC) and Mr. D. L. Chinburg (ML).

5.5 Sinusoidal Vibration
Test By: Rene Evelyn-Veere
Performed: 22 July 1967 through
Completed: 26 July 1967 at Wyle Laboratories

5.5.1 Performance Criteria

The scientific instrument shall be attached to the test
apparatus via a rigid fixture and simulate the attachment of the scientific
instrument in the spacecrafl. The scientific instrument shall be vibrated
in each of three orthogonal directions with one direction being parallel
to the thrust axis ZZ, The scientific instrument shall not be operated
during this test. The maximum allowable tolerance for vibration amplitude
shall be + 10% and for frequency shall be + 2%.

During all vibration testing, the 28v bus line shall be
continuously monitored by strip chart recorder to detect momentary
electrical grounding within the scientific instrument. The test configuration
shall be as shown in Figure4. The sensitivity of the recorder shall be
adjusted to provide at least one volt/inch sensitavity irom full scale
defleciion at 28v and shall be capable of response to 1000 cps or greater.
Indications of voltage spikes shall be evidence of failure to pass vibration
testing. The recording shall be submitied as part of the scientific instru-
ment test performance log.
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The test shall be conducled by sweeping the applicd frequency
once through cach range specified below., The rate of change of
frequency shall be 2 oclaves per minuie.

Aixs Frequency Range, cps Test Duration Acceleration
Minutes g, 0 to peak

Thrust 10 - 50 1,17 5 %
(Z-2Z) 50 - 100 .5 21

100 - 250 .65 14

250 - 500 .50 5

500 - 2000 1. 00 14
Tateral 10 - 50 1.17 5
(X-%) 50 - 2000 2,65 14
and
(Y-7)

The Plasma Pirobe Instrument shall exhibit no evidence of damage oxr
deterioration as a result of this test.

5.5.2 Test Procedure

The Plasma Probe Instrument was attached to a vibration
fixture typically as shown in photographs 1,2, 3,4, 5 and 6. The Plasma
Probe Instrument was then subjected to one sweep from 10 - 2000 Hz
at 2 octaves a manute in each of three axis at the following levels:

Thrust (Z) 10 - 17 Hz at 0.5 inch double amplitude
17-50Hz at 5 g
50 - 100 Hz at 21 ¢
100 - 250 Hz at 14 ¢
250 - 500 Hz at 5 g
500 - 2000 Hz at 14 g

Lateral 10 - 17 Hz at 0.5 inch double amplitude
(X and Y) 17-50Hzat5¢g
50 - 2000 Hz at 14 g

The Plasma Probe Instrument was monitored by strip chart recorder for
any momentary electrical grounding during the sinusoidal vibration test.

5.5,3 Test Results

The Plasma Probe Instrument experienced temporary
difficulty in passing the Flight Acceptance level vibration tests.
Marshall Laboratories had completed vibration testing of the X and Y
axes when a subseguent operational test indicated problems which later
proved related to amplifier #2. Failure Report 008 was submitted to

descrioe this dafficulty. This amplifa.ér was replaced by one allocated for
instrument 8C05-3.
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Marshall Laboratories resumed sinusoidal vibration
testing without further incident.

5.6 Operational Test No. 4,5, & 6

Test By: " Rene Evelyn-Veere
Performed: 22 July 1967 through
C_ompleteil: 27 July 1967 at Wyle Laboratories

-
5.6.1 Performance Criteria

An operational test shall be performed per Marshall
Laboratories Specification S46250 upon completion of sinusoidal vibration
of each axis. In addition, a visual-mechanical inspection shall be
conducted at this time to ascertain any detrimental effect in mechanical
integrity. The visual-mechanical inspection shall be performed prior
to performance of the operational test. The recorded data shall then
become part of the sicentific instrument test performance log.

5.6.2 Test Procedure,

The Plasma Probe Instrument was subjected to an
operational test in accordance with the requirements of Marshall
Laboratories Operational Test Specification S46250. Data was recorded
in tHe operational test procedure performance log and-the instrument
log. The general test setup configuration is shown in Figure 2,

5.6.3 Test Results

All data were normal,

5.7 Random Vibration

-, Test By: Rene Evelyn-Veere
Performed: 26 July 1967
Completed: = 126 July at Wyle Laboratories

5.7.1 Performan;:e Criteria

The scientific instrument shall be attached to the test
apparatus via a rigid fixture and simulate the attachment of the scientific
instrument in the spacecraft. The scientific instrument shall be vibrated
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in each of three orthogonal directions with one direction being parallel
to the thrust axis ZZ. The scientific instrument shall not be operated
during this test, The maximum allowable tolerance for vibration
amplitude shall be + 10% and for frequency shall be + 2%.

Diring all vibration testing, the 28v bus line shall be
continuously monitored by strip chart recorder to detect momentary
electrical grounding within the scientific instrument. The test configuration
shall be as shown in Figure 4. The sensitivity of the recorder shall be
adjusted to provide at least one voli/inch sensitivity from full scale
defleclion at 28v and shall be capable of response to 1000 ¢cps or greater,
Indications of voltage spikes shall be evidence of failure to pass vibration

testing. The recording shall be submitted as part of the scientific instrument
test performance log.

The Plasma Probe instrument shall exhibit no evidence
of damage or deterioration as a result of this test.

‘Gaussian randorh vibration shall be applied with "G-peaks"
clipped at three times the RMS acceleration specified below. With the
scientific instrument installed, the control accelerometer response shall
be equalized so that the power spectral density (PSD) value shall be within
+ 3 db throughout the frequency band. The filter roll-off chracteristics
above 2000 cps shall be at the rate of 40 &b per octave. The equalized
control accelerometer response shall be passed through a spectrum
analyzer with the following characteristics:

a) A filter bandwidth not to exceed 25 cps below
1200 cps or 100 cps above 1200 cps.,

b) Averaging time (seconds) of at least 75 divided
by the filter bandwidths.

All Instrument,

Components,

Frequency Test Duration PDS Level Acceleration,
Axis  Range, cps Minute 52 cps g-rms
(Z-2Z)

1
(X-X) 20 - 2000 2 minuvtes 0. 032 8%
each axis

(Y-Y)

* Or to maximum amplitude 1limit of test unit with approval of NASA/ARC.
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5.7.2 Test Procedure

The Plasma Probe Instrument was submitted to a vibration
fixture and subjected to random vibration in the X, Y and Z axes at the
following:

20 ~ 2000 Hz 2 minutes per axis 0,032 gZ/I—Iz 8 g-rms

- ! - -
The Plasma Probe instrument was monitored by strip
chart recorder for any momentary electrical grounding during randorn
vibration.

5,7.3 Test Results
No visible degradation; all data were normal,
5.8 Operational Test No. 7,8 & 9
Test By: Rene Evelyn-Veere
Perforred: 26 July 1967 at Wyle Laboratories
5.8.1 Performance Criteria

An operational test shall be performed per Marshall
Laboratories Specification S46250 upon completion of random vibration
of each axis. In addition, a visual-mechanical inspection shall be
conducted at this tame to asceriain any detrimental effect in mechanical
integrity. The visual-mechanical inspection shall be performed prior
to performance of the operational test. The recorded data shall then
become part of the scientific instrument test performance log.

*5.8.2 Test Procedure

The Plasma Probe Instrument was subjected to an
operational test in accordance with the requirements of Marshall
Laboratories Operational Test Specification §46250. Data was recorded
in the instrument log and operational test procedure log. The general
test setup configuration is shown in Figure 2.

5.8,3 Test Resulis

All data were normal.
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5.9 Temperature Test
Test By. Rene Evelyn-Veere
Performed: 25 July 1967 at Marshall Laboratories

5,9.1 Performance Criteria

The scientific instrumeat shall be subjected to the
hermazl environments described below:

a) With the scientific instrument operating, the temperature
shzll be decreased from ambieat to +300F in no less than one-half (1/2)
hour and no more than one (1) hour, stabilized and held for one (1) hour.
Determiane performance of instrument per Marshall Laboratories
operational test S46250 during the period of stabilization.

b} Wilh the scientific instrument operating, the temperature
3h2ll be increased from +30°F to +9OOF in no less than one-half (1/2)
. hour and no more than one (1) hour. stabilized, and held for one (1) hour.
Determine performance of mstrument per Marshall Laboratories
operational test S46250 during the period of stabilization,

The recorded dala resulting from the thermal operational
tests shall become part of the scientific instrument test performance log.

The Plasma Probe Instrument shall exhibit no evidence
of dammage or deterioration as a result of this test,

5.9.2 Test Procedure

The Plasma Probe i.ns‘trurnen‘(:3 was installed in a temperature
chamber at room ambient temperature of 70 F. Provisions were made
for normal operation of the Plasma Probe Instrument during the tesz.

With the Plasma Probe Instrument operating, the temperature
of the chamber was reduced until the Plasma Probe Instrument temperature
128° L . 3
read +30 F, Thas temperature reduction period was no less than on%-.ha.lf
{1/2) hour. Upon stabilization of the Plasma Probe Instrument at 30 F,
the teraperature was maintained for one {1} hour.
1
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The Plasma Probe Instrument was then returned to
room ambient temperature and rezaoved from the temperature chamber.

5.9.3 Test Results
The Plasma Probe Instrumeni exhibited no evidence of
piysical damage or performance deterioration as a resull of the performance
of either temporature test. All dala were normal. The Plasma Probe

Instrument conformed to the requirements of the specification,

5.10 Thermal Vacuum

Test By: Rene Evelyn-Veere

Performed, 26 July 1967 through 28 July 1967 at Wyle
Laboratories

Terminated: 28 July 1967

Reperformed, 4 August 1967

Completed. 5 August 1967

5.10.1 Performance Criteria

The scientific instrument shall be suspended in a

thermal vacuum chamber and subjected to the following environmental
conditions:

Low Temperature Soak

- . o

Decrease the temperaiure from ambient to +14 F in a vacuum to

10-5 mm of mercury. After stabilization of environment turn

the scientific instrument on and operate at the following duty cyele

“ for 24 hours.

On ‘ -

|
Off 0 6 7 11 1z 16 17

During the 23xd hour of operation perform an Operationzl Test
per Marshall Laborator:es Specification 546250, The recorded
data shall then become part of the sciextific tastrument test
periormance log.
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High Temperature Soak

With the instrument still operating at 10_5 mm of mercury,
increase the temperature Lo 120 F and operate at the following
duty cycle for ihe nexi 24 hours.

On ____ -

L l -l ' l _, _L_ 24 Hours
7 11 12 16 17

Oif 0 6

During the 23rd hour of operation perform an Operational Test
per Marshall Laboratories Specification S46250., The recorded
datz shall then become part of the scientific instrument test
performance log.

The Plasma Probe Instrument shall exhibit no
evidence of damage or deterioration as a result of this test.

5.10.2 Test Procedure
The Plasma Probe Instrument was placed in a temperature
controlled vacuum chamber at room ambient conditions, Provisions were
made for normal operation of the specimen during the test. The pressure
within the chamber was reduced to 1 x 10-5 ’I‘orr (or lower)., The tempera-
ture waithin the chamber was maintained at 77 F. The specimen was
maintained at these conditicns for two hours,

At the conclusmn of the above, the temperature within
the chamber was reduced to +14° F and maintained for 24 hours, The
Plasma Probe Instrument was then operated in accordance with operational
test speciiication S46250.

The temperature within the chamber was then increased
to -rll,o F. The Plasma Probe Instrument was, however, maintained at
120°F for 8 hours. The test was stopped at this time due to improper
electron mode data forrmat at low data bit rate.

The Plasma Probe Instrument was returned to Marshall
IL.abhoraiories for evazluation. he Plasma Probe Instrument -vas later
re.urred to Wyle Laborazories and resubmitied to the thermal vacuum
test as outlined above.
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g—Ioweve the Plasma P“ooe Instrument was maintamed
for 10 hours at +14 F and 10 hours at -:-120 F.

5.10.3 Test Results

The Flasma Probe Insirument exhibited no evidence
oi physical damzge or deteridration as a result of either of the thermal
vacuurn tests., All daiz were n0"rpal The Plasma Probe instrumens
conformed 1o the requlr\.mcnus oi the specification.

NOTE: The thermal vacuum test was repeated due
to 2 failure experieaced during ihe high temperalure portion of the
test. The failure was twoiold in nature- (1) during the electron mode
in IR3B, the data format was improper in that 15 frames appeared

nstead of 10, (2) the first lane of frame 01 during electron mode was
2ll zeros dependent on the spin rate between 56 and 58 RPM at 64 bl:.

rate. Failure report 0ll describes thas situation fully.
s
}’ll Operational Test No. 10
Test by. Rene. Evelyn-Veere
Periormed: 28 July 1967 at Wyle Laboratories
5.11.1 Performance Criteria

An operational test shall be performed per Marshall
Laboratories Specification S46250 upon cornpletion of the low and high
temperature tesis, In addition, a visual-mechanical inspection shzll
be conducted at this time to ascertaia any detrimental effect in mechanical
integrity. The visual-mechanical inspection shall be performed prior
“to periormance of the operationzl test. The recorded data shall then
become paxt of the scientific instrument test performance log.

5.11.2 Test Procedure

The Plasma Probe Insirument was subjected to
operational tests in accordance with the requirements of Marshzall
Laboratecries Operational Test Specification 546250, Data was recorded
iz the insirument log and operarvional test procedure log. The general
test setup configuration is shown in Figure 2,

5.11.3 Testi Resulis

All data were normal,
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5.12  Electrical Interface Verificatipri

+

Test By. Rene Evelyn-Veere
Performed; 25 July 1967 at Marshall L.aboratories
5.12.1 Performance Criteria

The input sigaal load impedance at each pin of
the spacecraft conneclor on the scientific instrnument shall be measured
in the following meanner:

Pulses

Pulses shall be measured with a clip-on type AC
current probe and monifored with an oscilloscope to measure input
current. Input signal load impedance shall be calculated by dividing
the input voltage by the input current. Load impedance shall be as .
indicated below,

Pulse Test-Points

Function Pin No. {(J1) Impedance

1 16.384 KC Clock 16 >3,3K

2 Shift Pulse 3 ~3.3K

3. Sun Pulse 14 >3, 3K

4 Command Calibrate 9 =>1K

5. Command Suppression 21 ~1K
DC Levels

. Input voltage shall be measured using a 10 mg high
impedance probe. For dc levels insert 1K, + 1% resistor in series
with subject line and measure voliage on both sides of the 1K resistance,
Load impedance shall be determined by the following relationship:

e
R.l = 2e Rl
17 %2
Where R, = 1X %,

1

el =3 e2 as measured across Rl
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DC Level Test Points

FurEctior.L Pin No, (J1) Impedance

1. Main Frame Word Gate 8 > 20K {300 pf
2. Bit Rate 512 7 > 20K <300 pf
3. Bit Rate 256 18 > 20K <300 pi
4, Bit Rate 64 23 >100K <300 pf
5. Duty Cycle Storage Mode 6 >100K <300 pf

The tozal power required by the scieniific instrument shall be measured
with the scientific instrument operating at each of the spacecraft data
rates and with a bus voltage of +28.0 + 0.3 VDC. The total power shall
not exceed 3.5 watis. Power shail be calculated by multiplying 28 volts
times the input current. The input surge current shall be measured with
the instruments and method described in ML Specification S46251, para-
_ graph 11.1.1. The input noise level shall be measured with the method
described in ML Specification S46251 paragraph 11.1.2.

The signal wave shape levels of pulse width, rise
and fall times (zs applicable) of the scientific instruments output signals
shall be within the tolerances specified as shown in Figure 5 when bus
volitage is established at +24.0 VDC and +33.0 VDC.

-~

-

5,12.2 Test Procedure

The Plasma Probe Instrurnent was subjected to ’.:he‘
electrical interface tests in accordance witch the requirements of Marshall
Taboratories Flight Acceptance Test Specification S46276. Data was
recorded in the insftrument log and qualification test specification log.

5.12.3 Test Results

The Plasma Probe Instrument conformed to the
applicable specifications,.

.13  Abnormal Voltage Test
!
Test By, Rene Evelyn-Veere'

Perforraned; 25 July 1967 at Marshall Zzsoratories
ya

Completed: 25 July 1967
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5.13,1 Performance Criteria

The scientific instrument shall be subjected to the
following abnormal voltages and tested to insure that no damage resulted
from thesc conditions. The iest resulls shall be recorded in the appro-
priate seclion of the scientific instrument test performance log.

5.13,1.1 Fault Voltage Performance Criteria

Fault voltage is defined as voltage which exceeds
the normal signal voltage level and which may be accidentally applied
to the input lines of the instrument with no degradation of operation
after removal of the fault voltages. The levels listed below shall be
applied o the input lines of the instrument for not less than ten (10)
seconds,

Function Pin No. (J1) Fauli Voltage
16, 384 KC Clock Pulse 16 6
Bit Shift Pulse 3 6
Word Gate 8 20
Commeand Pulse 9,21 6
Sun Pulse i4 6
Analog Data 24 6
Bit Rate 7,18,23 20
Digital Date 12 20
Duty Cycle Storage Mode 6 20

5.13.1.2 TUndervoltage

The voltaze to the scientific instrument shall be
stepped in the following sequence and shall remain in each step for
not less than one (1) minute. The scientific mmstrument shall operate
normally in steps {1), (2) and (6).

0.3 VDC

e

+28.
+24

0.2 VvDC

-+

1

2

3 0.2 vDbC
4, +10.0 + 0.1 VDC
5

6

0

.0
+15.0
0

+5,0+0.1VDC
+28.0 + 0.3 VDC
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5.13.1.3 Qvervoltage Sustained
A voltage of +36.0 + 0.4 VDC above zero valis
reference shall be supplied to the scientific instrument for not less
than ten (10) minuiles to input power lines, During this test the input
power to the converter and the levels, pulse width and rise and fall
times of the output signals shall be measured of the output test points
as listed in S46276, Flight Acceptance Test Procedure.

5.13.1.4 Voltage Range

' The scientific instrument shall operate normally
at the following voltages for not less than ten {10) minutes per voltage
level. .

1. 24,0+ 0.2 VDC
2. 28.0+ 0.3 VDC
3. 33.0+ 0.3 VDC

-+

During this test the input power to the converter
and the levels, pulse width, rise and fall times of the output signals
shall be measured using the method described in 546276, Flight Accep-
tance Test Procedure.

» Test Points
Function Pin No. {J1) Pulse Description
+3

Main Frame Data Output 12 11 V, pulse width
10 microseconds
2 microseconds, t
<1 microsecond,

¢
tf %.3 microsecond.
. Analog Output Temperature 24 1.5V +.2V
5.13,2 Test Procedure

The Plasma Probe Instrument was subjected to the
abnormal voltage tests as outlined by the requirements of Marshall
Laboratories Flight Acceptance Test Procedure S46276,
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5.13.3 . Test Results

]
¢

The Plasma Probe Instrument exhibited no evidence
of damage or deterioration as the result of these tests.

5.14 Opélrational Tests No. 2 & 3

Test By: Rene Evelyn-Veere
Performed: 25 July 1967
5.14.1 Performance Criteria

An operational test shall be performed per Marshall
Laboratories Specification 546250 upon completion of the fault voltage
and voltage range tests. In addition, a visual-mechanical inspection shall
be conducied at this time to ascertain any detrimental effect 1in mechanical
mtegrity, The visual-mechanical inspeciion shall be performed prior to
performance of the operational test, The recorded data shall then bedome
part of the scientific instrument test performance log.

5.14. 2 Test Procedure

The Plasma Probe Instrument was subjected to an
operational test in accordance with the requirements of Marshall
I aboratories Operational Test Specification $S46250. Data was recorded
in the instrument log and operalional test procedure log. The general
test setup configuration is shown in Figure 2.

5.14.3 Test Resulis
All data were normeal.

5.15 Suppression Voltage Test

Test By, Rene Evelyn-Veere
" Performed: 6 August 1967 at Marshall Laboratories
5.15,1 Performance Criteria

Suppression voltage shall be measured with & digital
voltmeter. Measurements shall be rade by partially disassembling the
Plasrnz Probe Instrumeni to expose ihe three driven shields, Measurements
shall then be made from each driven shield, with the scientific instrument
suppression mode 1n automatic operation, to indicate the potential
referenced to ground. The scquenced suppression voltage shall be as
follows:
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Suppression Voliage Tolerance
+ 6V + 1V
-40 vV + 3V
+ 6V + 1V
ov + 1V
-25V 1+ 2V

Tests results shall be recorded in the appropriate
section of the scienlific instrument test performance log,

5.15,2 Test Procedure

The Plasma Probe Instrument was subjecied to
suppression voltage measurerments in accordance with the above pata-
graph. Resulis were recorded in the instrument log and the Flight
Acceptance Test performance log.

5.15.3 Test Results

The Plasma Probe Instrument conformed to all
applicable specifications.

5.16 Operational Test No. 11

Test By. Rene Evelyn-Veere
Performed. 6 August 1967 at Marshall Laboratories
5.16.1 Performance Criteria

An operational test shall be performed per Marshall
Laboratories Specification S46250 upon completion of suppression voltage
tests. In addition, a visual-mechanical inspection shall be conducted
. at this fime to ascertain any detrimental effect in mechanical integrity.
The visual-mechanical inspection shall be performed prior to performance
of the operational test. The recorded data shall then become part of
the scientific instrument test periormance log.

5.16.2 Test Procedure
The Plasma Probe Instrument was subjected to an
operational test in accordeaace wilh the requirements of Marshall
Laborz.ories Operational Test Specification S45250. Data was recorded
in the operational test procedure performance log and the instrument log.
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5.16.3 Test Resulis

All data were normal,

5.17 Functional Test No. 2

Test By: Rene Evelya-Veere
Performed, 6 August 1967
5.17.1 Performance Criteria

The funcfional test shall be performed in accordance
with Marshall Laboratories Functional Test Procedure S46251. Data
shall be recorded on data sheets supplied with test procedure S46251.
The recorded data shall then become part of the scientific instrument
test performance log,

5.17.2 Test Procedure

The Plasma Probe Instrument was subjected to a
funcizonal test in accordance with the requirements of Marshall Laboratories
FTunctional Test Specificaiion S£6251, Data was recorded in the instrument
log and the functional test procedure performance log. The general test
setup configuration is shown in Figure 2.

5.17.3 Test Results

All data were normal.

5.18 Magnetic Tests

NOTE: This test was performed by ARC personnel at ARC,
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Failure classification: a. Part component D b. Design defect

j No |x

e |
g
.":’..'?-7'«2:1
T

if—:..z’i{ Alterations required on other units:

Yes

::l c. ‘c‘g’orkmanshlpb At

- oam——

None

Suggested alteratigns:

i el
A
s Date,

- 1
0

o ;
P40z Log entry made: (Initials) 2
Rene Evelyn-Vecre
ORIGINAI, PIONEER PROJECT OIFFICE
Green' Expenimenter
Canary Accompanies eaperiment for reworh and 1» refained by person downg rework
Pink Relurned to P P O after reworh with all entries
Goldenrod: (Hardeopy) Accompanies expenment and acts as a_roule sheet o1 traveler

-+

PROJECT PIONEER AMES RESEARCH CENTER
. ! '

7
el e S P

* Signed: - Eric Azari

8¢ °d=g

" Title:

Program Manager

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION



T 1 a1 Probe e - po
P Name ol Gponment _ARG Plasma Probe - Pioncer C & D E—'l Uit No _.8C05-2 [ Date of failure: 28 July 1967
_‘ ‘ Desciiption of {ubme ._Joprope: clectron mode data format at low data bit rate. S%S": Opcrating hours at failure; total __80

W, Opaatme conditions Contingeat to fadute _Instrument had completed low tempereiure thermalzvac and gone ontoeugh
temperaiure theimal-vac when failure occurred,

r’j__d Other ins’ruments/cxpel iments operating with expariment at time of failure. _Normal Plasma Probe ground support eguipment
plus iscolalion Lransformer and type 535 Oscilloscope (Tekironix),

/ / -w,/m/-/\/b

[}”E -’ T
1=)i Signature of Operating Enginc. Ropass L&cTDaya.sm

&3 Deser iption of fallure: (Exact circutt, module, part, etc ). During a retest at Marshall Laboratories the problems were defined
as two (2) separate cases. (1) temperature problem, during electron mode in LBR, the data formal js not

nroper in that 15 frames are appearing instead of 10, Also 6 words of frame 0l or 02 are present. {2} Spin
Rate Problem, The f11 st line of flarne 0l duxing electron mode is 3ll zeros dependent on spin rate between
51 to B8 R PM at b4 Bit Raie. Tn dis m"mf'hho' 1"hp experiment and elecis 10::;1'1-‘1- ‘f‘P‘-‘-f'!'hCY it the n-r-nhT-:-m was lacated

in the Buffer Storage Bhvet, The thlFlop goncrat1ng inhibit read signal was tcmg ing on sei-1eset change without

clock pulse being present, Two {2) resistors and a capacitor were installed in module Z21 anc

1 Z27 respeciively
in the Buffer btoragc Blivel to load down the set res@mﬁllmmmmemLEMhe_

logic blivel module Z32%7. The M¥S + HBR on pin 6 was eliminated,

prrvieay | -
G{sit Cause of failure: __Degign Defect
| S tuer—rty

I{Esr:;:-‘; Corrective action taken' _Lhe instrument was modified as described in section 9 of this report by design changes.

F SN apr . .
L4}:.r§ Failure classification: a. Part component b. Design defect |1-2 c¢. Workmanship l

i |

{"'L_Cj Alterations required on other ynits‘ Yes E Mo l:] 'd_t':_f- Suggested alterations: Incorporate design changes

ol
{?i-: Log entry made: (Initials) £ ~ // S Da“ e 7T ///-'
- obe1 t Koba3 ‘1.»111, Prog1 am Enoflneéi'
PP - o — .

ORIGINAL PIONLERER PROJECT OI'FICE ¢ -
Green Expenimonter ) gyl 'ﬂfd/.&(/
Canary  Actompantes eaperiment for rewoth and 1s retamed by person doing 1ework Signed: . _
Pink Returned to P P O afier rework with all entries B, Azarl
Coldenrod (Hardcopy) Accompanies experiment and acts as a route sheet or traveler Title: . Program Managerx

.

PROJECT PIONEER AMES RESEARCH CENTER NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

6t @3B g


http:M4ana.er

k]

T Nemw ot o nornacnt _HARC Plasma Piobe - Pioncer G & D { “_ Ut No _.8C05-2 r‘:-;; Date of faure 22 July 1957

e s B |
lom mm - | .
e « N AF el
P Desoonac i e BXcessive noise within amplifier Noo 2 - ,-=% Operating hours at failure, lotal. 37

; _Instrument had successiully compleied flight acceptance sine vibration in the

Po, Dy pair ] condbiens ool o do fanyy - _Anstrumaent padbel il

T U3 aas,  Fanluie wos noticcd duiine operafional test af fter ¢ om]ﬂcmw “Y” axas sinc vibralion,

Noimal Plasma Probe ground support equipment

T4 Thae 1o swn‘”“ls,fc.r.pea:.non'.:, operating wita eaparimient al tune of fathne
plus isolaiion trans{ormer and type 535 Oscilloscope {Tekilronix),

7 /' P
i / (’.( I/ ” AN
1= R Yy et s

Sigaature of Operating Engineer.

I
)
is=h

Robert Kobayashi -

S:scription of fatluce: (Txact circuit, medu'z, part; ete.) D:.Lsmanjtling a.n.d elcctrzcgll_ly teTsting the instrument dlsclo?ed the
following d1screpancles - {1} Excessive noise existed within amplifier No. 2 as a result of a degraded front end

assembly.

Cause of failure: Component breakdown, ) .

o
%4 Corrective action taken. To expedite the corrective action, flicht unit 2 amplifier No, 2 was installed in the

flighi one inst-ument as a replacement.for the failed flight unit 1 amplifier, The flight unit one amplifiex

will be reworked for the flight 2 instrument.

ﬁ@ Failure classification: a. Part component b. Design defect EI c. Workmanship D

t YST Alteraiions required on other units.  Yes TN X F‘:E‘fj Suggested alterations: None

2 -
S i E s

4 Log enary made (Initials)

Roberl Kobayashi, i—’rogram lu})glncer ™~ "
i
ORIGINAL. PIONEER PROJECT OF1'ICE . - -) . !
Green Eapoer.menter ! - //’
Canary Accon panies experiment for roworh and s refaned by person doing reworh Signed: _ /N e d el la nef oA
Pink Rewrncd to P PO after reworh with abl entries . /
Goldenrod- (Hardcopy) Accompanies, experiment and acls as a route sheet or traveler Title: =

PROJECT PIONEER . AMES RESEARCH CENTER NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

0% s8eq

D, L. Chinburg, Progran flﬂanager
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TEST REPORT wronr no. 48963

YLE LABORATORIES/ El Segundo, Cahfornta « EA2-1763 « OR B 4251 » TWX 213-322-5415 « Cable WYLAB

-

B MARSHALL LABORATORIES
3930 TorranNcE BLvD.
TIRRANCE, CALIFORNIA

I -

OUR JOB. NO 489¢ .

Your e. 0. NO _ 21881
CONTRACT NAG P2-3374

35 PaGge REPORT

pate 31 AugusTt 1967

ACCEPTANCE TEST

ON

ONE ARC PLASMA PROBE (F/U1)

PART NUMBER 544100-101
SERIAL NUMBER 8C05-2

MODEL ML-304-1

FOR

MARSHALL LABORATORIES

FATE OF CALIFORNIA
ODUNTY OF LDS ANGELES

1B, M, BLEAK being duly sworn,
depotes ond says: That the Infermalien centoined in thiy report Ia the result of complate

nd <afefully conducted tests and % bast of his kWull
pechs

this. day ot _AUGUST

] A
ristard/PuBITE In and fer the Counfr of Las Angaler, Stote of Callfemia
20 JULY 4 1Y

My C inslon expl

resT v 1 ELECTRONICS DEPARTMENT

s
TEST WITNESS

DCAS~0OAR VERIFICATION Aﬁﬁb

y—

QUALITY CONTROL APPROVAL WA/



RePORT No. 48963
Pace No. 104

WYLE LABDRATORIES

DATA SHEET

Test Titte: _W(/
Customer /ﬂ/ﬁ%éé. .M_‘_ Job Nao __%L e —
e Date Tost Started__ 24/ 22/6 7 __ . ..
Part No . ,S-ff/ﬂ&-/ﬁ/ — Date Tost Completed. ]/é.‘?"/.k 7
- f_dﬂni'_“" e Amb Temp ___ LF e
Spac Msz[/; 7'10 5’9622‘4 % Phato _____.A/A_ e e
Para 43#? 4 L3 /.(:_....H_____ Tast Med A/ﬁ m——
Specimen Temp _Mﬁ________ -
Specimen.__ 7, 2
7y

fEHFoy S gup fpimsr YIERST o Wa)
ERCH OF THAEL FNES S Ourtilded Felow ;—

SMHWE — Sweer 504 /0 2 Zooo @ 2 047“/47/#.

ANS ﬁ
X-X SO-S50 P 6;;
Y=V SO~ Zove 2 /- ;
2= 2 S-S S

%
é‘#/rﬂﬁ So-/00 K @ Z
JOO-250 2 (@ ;5;
@
@

2850 ~800 HZ
7

5‘00—2&&9/2
B Per; — L. 3 INES Lok 2omw /IS
20— 2000 #2 @ &-032;%’1:?

S0 GHrs

WoHI4 A

Spscimen Meets Spec Requirements YES J Witness . ... -H.,.__.n_.

Tested By _.__._W&H—/ .

Dﬂe Vi

NO T} Shoet No A/ s
Approved m.. Pah __a




WYLE LABORATORIES
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Test Title-

REPORT No, 48963
Pasg No. 11

DATA SHEET

£__£7K S e = e
LB, 2 OAS "

F7 s
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— A2 e
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3,

W Si4 B

sueet & _ of. A __




VIBRATION TEST DATA SHEET SHEET _4f  oFz/

DYNAMICS SECT %

Jos No. @52

Sy E LR Ty | D Now LZ5y
vave | Time Axlsfcupl SINUSO DAL ?ST
Gilren il Comners an
VAR T-14 Y
© o] TEST REQUIREMENT ~ B
7/25h Lers| X sl so-sol — | & _\ SHEEY Comiisrer — AP AP
679 so—zood — | /P (342 pol7oags  AEcof e O4) VLSS Lo DERp.
o 4
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/754 sp-2000) = | /93| poszdse Alcellel  Oar M5 Cof Pl
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P 3
-~ g g
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BN
ot 00
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(30
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DYNAMICS SECTIO™
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VIBRATION TEST DATA SHEET SweET / oF ¢
I D No
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TEST REPORT NO 48963 PAGE 27
NOTICE OF DEVIATIOM| v sosno 48963

NOD NO
0 NO 21881
WYLE LAGORATORIES pae 22 JuLy 1967,

GOYT CONT NO  PNAS 2—.’5",374

0 MAREMALL LABS
AITN Mr. CHINBURGS
PART NAME  ARC PLABHA Prese~ F/U1

PART NO 5441 00"101 SERIAL NO 8C05'"2

15T VIBRATIBN

ssecFicanion MARBHALL LADS 546276 PARAGRAFPH NO 13.9
HOTIFICATION MADE TO Mr. FAMNTASKI pcas — oan REQUIRED
pare 1=22-67 8Y T. ATCHIBON Via YERBAL

SPECIFICATION REQUIREMENTS

A) 13.93 THe TEST CONFIGURATIGH SHALL BE A3 SHOYN IN FIGURE 3 oF
THE BPECIFICATION.

B) 13.9: THE SENBITIVITY OF THE RECORDER SHALL BE ADJUBTED Te@
PROVIDE AT LEASY OME voLT/INCH BENSITIVITY FROM FULL
DESCRIPTION OF DEVIATION $CALE DEFLECYION AT 28 VYDCivosas

A) TeEST COMFIGURATION WAS A8 BHOUYN AT RIGHT — _og ypg

U\p
FUSBE i
InsT,
EC -
28V?ﬁ_ "
B) RECORDER BENSITIVITY was T VYoc/iNcH RET:_ M
SPECIMEN DISPOSITION CoNTIHUE TESTING
COMMENTS  RECOMMEMDATIONS
TEST WITNESS - TEST ENGINEER {-ei j

DISTRIBUTION Ru J\( FANTAS{(I’
DR GINAL OUALITY CONTROL
I cortes cusiomer REPRESENTING . _DEPT MAN&GER %\\ﬂ'
1 COPY JN@ CONTROL T+ Pre M G

I T6PY WHITE FOLDER
* COPY GREEN FOLDER QUALIY CONTROL
| COPY CONIRACTS

‘1, opizs ocas — oar

0y WI-109A
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NOTICE OF DEVIATION| vicionno 48963

NOD NO b .
PO NO . 21881 H
WJLE LABORATORIES pare 22 JurLy 1967 ¢

covr cont N0 NAS 2-3374

o  MARSBMALL Lags,

AFTN MR. CHIKBURG

PART NAME ARG PLASMA Presg F/Ul

prt no 944100-101 SERIAL NO 8C05-2
TEST SiNUBeIDAL ViBRATION

secimeanon MARBHALL LABS 546276 Pasacram vo 13,9 AND 13,11
NOTIFICATION MADE TO Mr. FANTASK] ocAs — oar  REQUIRED

DaTE T-22-61 8y T. AtcHigeN via VERBAL

SPECIFICATION REQUIREMENTS

SIMUBOIDAL VIBRATION A8 PER PARAGRAPH 13.9
RanDem VIBRATION A2 PER PARAGHAPH 13.1)

DESCRIPTION OF DEVIATION

AFTER THE "YW AX{8 BINE BYEEP THE CUSTOMER FQUND THAT THE
BPECIHMEN WAS N@T OPERATING PARSPERLY.

SPeGCIMEN DISPOSITION RETURN T¢ MARSHALL LA®S. FOR FAILURE ANALYS I S,

COMMENTS . RECOMMENDATIONS

-

TEST WITNESS - TEST ENGINEER + — . B
DISTRIEUTION - '¢ Jo\FANTABKr
R Gial  DUALTY CONTRUL . - ‘
3. cariey < isoMER REPRESENTING DEFT  MANAGER

bGP J7B CONTROL T FE
! coor WHITE FOLDER é ﬂ/
I LOP GPEEN FOLDER QUALITY CONTROL

1.Geere (COHIRAGTS

IV 1 COMES DCAS =~ QAR

109 W Le-10GA




TEST REPORT KO 43963 pacee 9

NOTICE OF DEVIATION | oo 18553

NOD NG
rono. .. 21881
o B
1O MARSHALL LABS .
ATIN MrR. CHINBURG
PART NAME ARC PLasua Prose F/U1
mewo  544100~101 cusvo  BCO5-2
TEST - THERMAL Vacuum
seciicanon MARSHALL Lags S-46276 raacrarH No  Be 14
NOTIFICATION MADE TO MrR. CHINBURG DCAS — QAR Reaquigep
bATE 7/28/67 B M. Bosxovicy via  VERBAL

SPECIFICATION REQUREMENTS

MAINTAIN 120F AT 1 x 107° Tomm o LESS FOR 24 HOURS.

" DESCRIPTION OF DEVIATION

AFTER MAINTAINING 120F FOR 8 HOURS .AND 11 NINUTES
THE CUSTOMER REQUESTED YO STOP THE TEST DUE TO
PROBLEMS WITH THE TEST BPECIMEN.

SPECIMEN DISPOSITION DiscoNTinug TESTING

COMMENTS  RECOMMENDATIONS

jzl)f}hb tm e .

TEST WITNESS . ~ - TEST ENGINEER __ . ——.
DISTRIBUTION M. BOSKOVICH
QRIGINAL - OUVALITS COMTROGE , .
G} COPIES CUSIOMER REPRESENTING -DEPT MANAGER - e
I COPY JOB CONTROL Ao R. ‘ﬁ?av
1 COPY WHITE FOLDER - i
\ COPY GREEN FOLDER QUALITY ConTRoL AT L

I COPY CONTRACTS
1 cores peas — Qar

WL-1094A



APPENDIX D

Memory Specification



I Memory System Electrical Specification

General System Requirements

CaEacit}E: 768 bits (16 x 48 Y)

15 x 44 is sufficient
to fulfill the requirements of data storage,
The additional 4 Y lines, and 1 X line may
be considered spares (the spare X line is
not connected).”

Cycle Time. Minimum fime between

Read/Write commands 22. 5 macroseconds.
The maximum write rate is 20 KC, The
maximum read rate 1s 512 cycles.

Operating Mode, Sequential Interlace.

The write cycle 1s inter-
laced with the read cycle., Information is
written into and read out of memory sequentially.
Any arbitrary read address can follow any
write address and vice versa.

Operating Temp-

o o
-15 5
erature Range. C o35 ¢

Total Average Liess than 120 milliwatts

Power, at the maximum interlaced
read and write duty cycles.
Write duty cycle 1.7 x 10-3,
Read duty cycle 1.5 x 10-3.

Interface Requirements

Supply Voltages

+12 v+ .6v @ 2.7 ma average
+ 6 v+ .006v@ 7.5 ma average
+ 3v+.06v @ 1.7 ma average
- 6v+.006v@ 2.9 ma average
+24 v + .048v @ 2.9 ma average

Input Signals

Gene cal

The interface circuits shall be of the RCTL
type.



The Iimits on the static signal levels shall
be +0.22 volts maximum at the lower level
and +2. 0 volts minimum at the upper level.
Signal levels are positive true.

Refer to the read and write timing diagrams
for the voltage level references required
in interpreting times given in this section.

Data
Data 15 available on 9 lines.

Each data line 1s loaded with 20K 0+ 10%
to +6 volts at the memory.

Each data line must be sctiled before the
wmmitiation of a write command, and can not
change until 5 microseconds after the ter-
mination of the write command.

X Read or Write Address

Five address bits are available on 20 lines.

Each line is loaded with a mimimum of K
+ 10% to +6 volts at the memory.

Each address line must be settled befare the
imtiation of a command, and cannot change
until 5 microseconds after the termination of
the command.

Y Read or Write Address

Seven address bits are available on 28 lines.
An additional term is available on 2 lines.

Each line 15 loaded with a minimum of 5K Q
¥ 10% to +6 volts at the memory,



Each address line must be settled before
the 1nitiation of a command, and cannot
change until 5 microseconds after the ter-
mination of the command.

Write Command

During the application of this signal the
information present on the data input lines
is written into the memory

The write command line 1s loaded with 10K Q
+ 10% minimum to +6 volts at the memory.

Fhe rise and fall times shall be less than 1
microsecond.

The command duration shall be 11 micro-
seconds 1 £ microseconds, measured at the

50% points,

Read Command

During the application of this signal the in-
formation stored 1n memory is read out on the
data output line.

The read command line is loaded with 10K {i
1+ 10% minimum to +6 volts at the memory.

The rise and fall titnes shall be less than |1
microsecond,

The command duration shall be 11 micro-
seconds + 2 microseconds, measured at the

50% points.

Shaft Frame 1. D

This gignal is used to trigger the memory
output one-shot when frame information is



entered. TI'rame information shall not occur
at the same time as the read command (shift
pulse).

This line is loaded with 20K Q 1+ 10% minimum
to +6 volts at the memory.

The rise time (positive excursion) shall be
Z microseconds maximum, measured from

10% to 90%.

The fall time (negative excursion) shall be
0.5 microseconds maximurm, tmeasured {rom
10% to 90%

The width shall be 6 microseconds + 3 micro-
seconds, measured 50% to 50%.

I.D. Data

This signal 1s the I.D data level.

The I.D. data line shall be settled prior to
and cannot change during the shift Frame

1. D. signal.

Data QOutput Signal

General

The presence of a signal represents a "'1"
read from memory of a 1" in the frame I. D.
The absence of a signal represents a "0'",
This signal occurs with a maximum of 6.5
microseconds delay relative to the imitiation
of Read Command (Shift Pulse) or a 1" in
the Frame I.D

Lievels

Signal Levels are positive true., The limats
on the static signal levels shall be +0.2 volts
maximum at the lower level and 410 volts

1 1 volt at the upper level.



Type Storage: Ferrite core, coincident
current,

Loads

The external load shall be 3.9 K Q+ 1%
in parallel with 300 pf maximum to ground.

Timin

The rise time (positive excursion) shall be
1 microseconds maximum, measured 10%

to Qb%.

The fall time (negative excursion) shall be
3 microseconds, maximury, measured 10%
to 90%.

The signal duration shall be 7 microseconds
+ 3 microseconds, measured 50% to 50%.

It Core Memory Plane Specification

The contents of this section are
excerpts from Marshall Laboratories Specification $S46017A, and are
included here for information only.

A The dynamac electrical tgsts on
thg corg plane shaci)ll be performed at three temperatures., -15 C41 C;
25 C+1 C; 55 °C+1 C.

- B. The information shall be written
into the elements of the plane after the plane temperature has stabilized
in each case. The information will then be read out, and the sense
line output will be monitored for conformance to the Acceptable Charac-
teristics specified in (¥).

C. Data patterns to be used shall
include the worse case pattern, worse case pattern complement, all
'l "s pattern, and any other applicable pattern. In each case a pat-
tern will be written into the plane 1n some order (as a function of
position), and will be readout in the same order.

D Input Current Characteristics
{guantities specified apply at all temperatures except as notes}.



Full Select Amplitude = I + I = 490 ma - turns
* ¥ @-.15°

= 400 moa - turns
@ +25 C
= 330 ma - turns

@ +55°C

(+ 3% tolerances are allowed at all temperatures)
t

Disturb Ratio X

= 0.5+ 0.03

Pulse Widths 4 microseconds minimum
coincidence of Ix and Iy 1s
required

Rise and Fall Times linear 0.1 microseconds
+ 0. 05 microseoncds

Delay Time Between 1/2 select currents
during read out shall be
1.5 microseconds + 0.05
microsecoads (10% to
10% times). Iy follows Ix

E. Sense Lane Termination = 30 (
resistive load

F. Acceptable Output Characteristics

Quantities specified apply at all
temperatures and for all possible data patterns unless otherwise noted.
111 Amplatude 40 mv @ -15°C
45 mv @ +25°C
40 mv @ 4+55°C

"1" Peaking Time = 1 0 microsecond + 0.3
microseconds.



http:0.5+0.03

8 microseconds +
T microseconds.

"1i" Switching Time = 2,
0.

Note: '"1'"" Peaking and swilching times are

to be measured from the 10% level of

Iy.

MY Amplitude 10 mv, decayed to 3 mv

maximum in 1 microsecond

maxmmum relative to the 10%

point of Iy,

Signal to Noise Ratio 10/1 at '"1'" peaking

time

Common Mode Voltage 400 mv at any time

during the read cycle.

G. Vendor data sheets containing driver
characteristics and performance data obtained during the performance
of the dynamazc electrical tests outlined in this section shall be supplied
with each delivered unit. In addition, test setups and test procedures
utilized for the performance of the dynamic electirical tests outlined

shall be subject to Company approval.



APPENDIX E

Instrument Circuit Worst Case Analysis



I Electrometer Amplifier

Electrometer

The worst case offset in the Electrometer that is due to
shock, vibration, aging, power supply drift, target leakage and initial
set-up error can be assumed to be 100 millivolts as referred to the
input control grid.

—CQ

in

The offset is the voltage required at the input control
grid to cause an output of zero. The general relationship of the con-
trolling parameters of the output voltage can be expressed as:

= . ,I y ,E ,E ,R. oonoR', .. e .
- f(lm’ Rf L Esq Ps' FIL' "4 1 Qa Ql)

where
Iin is the input signal current
IL is the inpul leakage current
Rf is the feedback resistor
Esq is the screen grid potential
EPS is the power supply potential
E FIL is the filament potential

Ra. - Ri are various resistors in the circuit

Qa.. .. Qi are various transistors in the ciruit

E

and where “'ﬁ?“"‘ dn represents the change in the output due to a change

in source parameter (n).

« In general any change as EFIL or Eps that occcurs in the
amplifier appears as a shift in the virtual ground potential at the control
grid. Changes in the feedback resistor appear as change in sensitivity
and not as an offset. L.eakage current appears as a potential across the
feedback resistor, The output voltage can be expressed as



E =1 R._+ 1
in

R_. + E offset
0 f

L

where I1n Rf is the signal term and ILRf + E offset is the error term,

In order to achieve maximum performance, especially
where lower current ranges are to be detected, the total error should
not be larger than the minimum desirable signal, The total error can
be substantially reduced, if not altogether cancelled, by inserting a
cancelling signal somewhere in the overall loop. The method used to
insert a cancelling signal into the loop 1s to control the bias on the
screen grid potential. The amount of control necessary to cancel the
worst case error which was assumed to be + 100 millavolts at the screen
grid is determined by the ratio of the screen grid transconductance to
the control grid transconductance. This ratio has been emparically
derived by laboratory measurements to be 1:1. 6. The total worst case
Electrometer error referred to the screen grid could be as high as 160
millivolts. The degree to which the offset mmust be cancelled 1s deter-
mined by the accuracy to which the required offset can be generated,
metered and stored, The system specification requires a worst case
offset of + 1 x 10714 amps and a drift rate not more than 1 x 10-14 amps
between stabilization cycles. This is a maximum interval of 50 seconds,
Referred to the screen grid, the specification requires a generation
and metering accuracy of 2.4 x 10-4 volts and storage drift of 2.54 x
10-4 volts for the 50 seconds interval., The tolerable storage drift can
be expressed as fractional time decay. For the worst case the total
error is 160 x 10-3 volts, the frist is 2,54 x 10-% in 50 seconds. This
amounts to 3 x 10-5 per second which is equivalent to 3 x 10™ tume
constant,



I Stabilization Storage

The worst case condition occurs
when the stored stabilization error is a maxamum at high temperature.

Under the operating condition

Verror =2V (VGQZ = 6V)
Ql and Q are selected for leakage currents (I, and I__) of less than
5% 10- 1% amps at 55°C  C is chosen for a lea%age current (I of

less than 2 x 10-10 at 559¢ at 2V. L3’

ﬁ 5,3to 3.3
| [ 6V +4V

5V o——d AN l <9

l:, = /{9 Vv 41
Ll LZ C
I
\mL3
4V
~
Total leakage current is I +I, -1
C C L
1 3 2
for worst case condition let I =0
2
~-10
IL Total = 2.05x 10 amps.
dav_ T
dt  C
I
error _ G Total _
dt - C
~10
2.05x 10 -5
6.8 % 105 =3x10 volts/sec.

Since the capacitor is a polarized type and the error can be either polarily
a nominal +1V corresponds to zero error and 2 valts and 0 volts correspond
to maximum error. The fraction error drift

1 dVerror _ 1 3 lo~5volts -3 x 10—5 <
’ dt ' oy X0 FE sec. e

error



-5
The 3 x 10 = second {raclional error drifi ralc meets the sysiem specifi-
cation.

screen grid bias circuit

o
<

e—"\/ N0
5

Eout {screen grid)

L

The requirements for the nominal conditions are as follows.

E =5V, E = 7.5V
in out

where E:Ln = 4V Fixed bias + 1V stored voltage

for worst case condifion

store = -l— 1v

E =+ 160 x 10”3 volts
out =
That 1s
AE
out - 16
A E, '

mn



E can be expressed as,
out

A(B+C) R(B+C)

_ A+ (B+C) C R+(B+C) C
+ = - e LA —— x 2
Eo (Eln VGS) R+ A (B+C) X B+ C +L5V A+R{B+C) B4+C

A+{B+C)

A(B+C)
_ AT (BC)
= A(B+C)
At+(B+C)

Let &

R+

C
P = T3¢

R (B+C)
X _ R +(B+C)
- R (B+C)

At R (BtC)

D

B+ C

Normalize by R =1

E = - 1
o (E:Ln VGS) + 15V

dEo
=2 = .16 =<:><,[-">

in




E_ X

= - v -_—
(B, - Vo) 15V —

or

X3
E = 7.5 volts
(o]
E. = 5 volts
in
VGS=O.7volt5
B
therefore: o - Ein+VGS X
==
15 =Y
7.5
Iz -54+0.7 i Y
or 15 =
____;L = 2.85
e AD
A+ D
and X = Ty aD
A+ D
AD
S ividing by D
or =4 T DT AD and dividing by
: A
T L+ A (D+HL)
D
D
X__ 1+ D
T A+ D
1+ D
b/ D 1+ A (D41)
= ° 1“]33 X = D
A+




By rearranging and cancelling out like terms

¥
<. = A
A = L = 0.352
er T 2.8 ¢
B A B (D+1)
O A (D+1) or A= + A 0
1+
D
D+ 1 A - By rearranging terms
D = TAX y ging
I E D
D =~ <& T A
the value *O—lz- could be calculated fromQ’(ﬁ= .16
or = =16 or ! = lxﬁ:é.Z(g
& e
1 1
= = 6.2 - - -1
1 1
but T = 6.25 - —BE—Z— -1
— -6.28 -3.85
or D = b, - 3.
D=B 4+ C
B= 7%
B+ C
or 1=6.2C -3.85(B+C)
therefore c = _?’_‘__8_5._]_5”_+i

Z.35



let B= —7mm =375
then C=1.04

for maximum temperature stability, the FET should have an ID = 25
microamperes,

A .35
V'QJ‘
. 375
1 R C
E. 5V 4.3 Eout 7.5
i at—

D 1.04

B 1.04 4+ .375

where VX =7.5 T 04 = 10. 2 volts
_ _ _ 5.9V _
VR—10.2+.7—5—5.9V R"25x10"6 = 236K

for 1% Value

R = 243K

A = 84 5K

B =90.9K

C = 200K + Select (series)



Worst Case, Attenuator

S

<k
Q
B o AAAAp e e NAANY P -
LY R3 R5 g
2 n4 2 R6
= S ' % S
{ 2

i1
I

3a

EQUIVALENT CIRCUIT, ATTENUATOR
FIGURE 28

There are 3 regions of attenuation;1/15, 1/7, and 2/3. :
In Region I, Sl is closed, SZ is open, S3 is open. The output 15 determined
by the ratio

R
out _ 6
E R1+R3 +R5'+R6

11

In Region II, S1 1s open, S2 1s closed, S3 1s open., The out-
put is determined by the ratid

E out Rq'

E,. R TR TR,




In Region ITI, S1 is closed. The

output 1s determined by the ratio

is open, SZ is open, S3

R.
Eout - 2
Fln RZ * R1

.The worst case analysis for a divider network can be
represented in the following manmner.

Vi:l.'l © L
R2§
}——o Vout
R, %
Vout_ Rl
v TT TR, AR



Aa Ry Oa AR, b2 Oa
a a Rl Rl a
O a RZ
= 2 = a. {l-a) =
QRp R #R,)°TR
Oa _ ”RI 5 = a. (l-a)
RZ, (Rl + RZ) RZ,
A g _ Rl a(l-a) ARI Rz a(l-a)
a a R.1 Rl a R
Aa Loa [L\Rl ARZJ
a Rl RZ
Worst case will occur when
AR AR
Rl R
[_\Rz - AR
Rz R
Na _ AR AR_i
a - (lﬁa) [R + R__J

Na AR
ol 2(1-a) ( R )

Maximum error for Region I

E

=2 .= L
E, 15
in

% error = 2 (l-a) (-%{E)



Assume /_‘RR =0, 65%

Error = 2 {(1-1/15) (L 65%) = 1.2%

By the same analysis, maximum error in Region II = 1. 1% and maximum
error in Region IIT = 0, 43%.

Worst case design consideraiions include turn '"On'' and "Off"
of transistors. Major considerations are I3, colleclor leakage current
at high temperature and h, , forward DC current gain at low tempera-
tures. In the Attenualor circuil (Figure 4.1.5-1) all three transislors
{(Q,, Q, and Q) act as switches. Worst case analysis of one should
apply to the rémaining.

-6V 25V
% 1
5
68K,:} 510K
33K <

-5j
From the electrical characterigtics
charts, the following parameters are known.

— -6 0
ICBO =0.01 x10 amp at 25 C and VCB = 50V

— -6 )
ICBO =10x 10 = amp at 150 C and VCB =50V

hfe = rmin. 100, Maxamum 300 at Ic = 150 m ADC

o
=10
VCE VDC and 25 C

FFrom the I no Ve T graph I(, o Maximum at1100°C 15 scen
fo he 680y a. For wors? casc 080 x 2 - 13{20 pawill flow through R,
devcloping an IR drop of 33 x 10 x 1.360 x 10-6 = . 045 volis or 45 v
which is not high enough io overcome VBE and turn '"On'' iransislor Ql‘



From the current gain versus
collector current graph g min. is obtained to be 44. Worst case
application would be

44

5 = 22,

Collector current for transistor Ql while in saturation is
~25+ 0.2 _
sl - o0

Therefore required base cur-
rent to turn "On'" transistor Q’l would be

S0pa w
57 2 pa
The base current is computed to be

[ - 5:0V-(.B+.8+.8) 3.6
B~ 68K - 68K

=53 pa

and proves to be adequately sufficient to turn fransistor Ql "On't,

Worst case considerations apply
also to the N Channel FET transistors Q. and Qé which act as
switches. For turn "On'" the potential applied to the gate should be
as close to zero as possible, In this case, since the gates are tied to
the collector of ., the potential applied to the gates will be (a) the
supply potential -25V for turn "Off" and (b) the saturation potential
v sat, of Q. for turn '"On" of Q_ and Q,. Worst case V sat.
ofcgl and worst case V_(pinch off goltage) for QS and Q, are con-
sidered simulta.neously? From the electrical characteristics charts
at -55°C VC sat. of transistor Q, is determined to be 0.1V and
from the ele::Etrical characteristics charts of Q_ and Q_ worst case
V_1s determined to be about 0.5 volts., Since t%‘l.e potential applied
& gates of Q. and Q, is less than worst case pinch off voltage, this
assures turn '"On'" o Q5 and Qé_'

1



Eln I \
o 1st ~
ElnI\I ¢ stage
AV1 =
Total Gain =

E_ for logic change

n. for
Eln or logic change

1l

i

Comparators

S -
1 2nd ™
| stage ,_/
I
| .-
20 ' v, 100
AVl. 'AVZ. A.V3

20 x 100 % 50.0

1 x 10°

1 volt maximum

——I—El—mf): 10 microvolt

If AV = &< then AEin = =10 microvolt

If AV change;by 50%, AEin would have to be 20 microvolts to produce

a l volt output.



The worst case error for
open loop gain refered to the input is:
AE, =+ 15 microvolts
in -

There are four major sources
of temperature ‘dependent errors; the input differential stage mas-
match input error, drain current mismatch due to changes 1in the
drain resistors, the input error of the second stage and common
mode error of the input gate to source voltage.

(a) Input differential mismatch error. For the particular FET
transdistor used, 2N3954,

[\Vin Diff. < 10 microvolts/C°

(b) Drain current - Drain resistor
LR < 50 ppm/C°
R
D
AR _ Al
RD I
A1
AV, = —
in gm
\\
— 1
R
aV:'Ln T gm
But. -%R— - 5x10"°/%

ID in thas design = 2 x 10_4, gm for a 2N3954 = 7 x 10_4 mhos

_ #5x10°/°cxz2x10 "
m 7% 104

therefore, KV

or. IV, IR =1 l4x 107 volts/°c

D



(c) Second stage mismatch

o
AV = 3uv/ C

AVBE

2nd stage - AVl

’

in

o
_ M = 0.015 m1crovolt/oC

oF 2nd stage 20

i \V
in

(d) Common mode due to input gate to source voltage

Q
VGsalmv/ C

AV, AV
in  _ on
VGS Avoff

4

o
i~ Tx105 *1mv/C

AV

0.04 mlcrovolt/OC

Total error due to temperature

+ T
G T

Vln = . Vin1
T s T

(10 + 14 + 0.015 + 0. 04) macrovolt/°C

n

24 microvolt/°C

I

LT =+ 30

Avln =, 7 millivolts

T



Reference Drivers

For analysis purposes, the re-
ference driver circuit can be represented by the following circuit
that permits "On'', "Off'"" analysis of Ql.

+6V

Q2




Ql “NOff If V1 maximum is less than V required for I
—_— Q; of 2100 microamps, Q) WiEI.ES%é.y "Off't The
Wo%st case occurs at the highest temperature of interest
(55°C).

at 55°C Vv > 0. 45 volts
BE!
| 1. = 100pa

As indicated in the transistor characteristic charts:

{(Worst case) = , 3V
1n max.

The worst case margin then becomes,

0.45 - 0.30 =0, 15 volts

To investigate '"On'', "Off'" conditions for QZ we refer to the circuit below

O +6V

<jj— o2

36K I

| I Leakage = 100 pa

l
—d NN )
Q1

Qz Ilon|1
Assuming Vbesat = .9V (at lowest temperature)
Q max. was shown to be 0, 040V
1 sat
1 6 -.09 - 0.040 = 120 micro s
sz min. 36K x 1.15 derated amp
I¢Q = 30Cpa + 1002 = 400pa

2 max.



Ql "On'" V’n 1s the output of the PWM programmer and as
— siich appears at the emaitter follower of a SN5112
bistable multivibrator.

V. * Main.
in

v + Main,
in

1.5V at 128°C

1.6V at -55°C

I Min, assuming VbeQ F 0.8 volts (worst case at low temperature)

1 = 1.6 -0.8 = 70 mic s
bmin. = 10K . 1,15Derated 1ETO amp

I Max. assuming V 0

cf CE Sat -

V. =0
beQZ

6V
I = + 150 = 35
C max. 36K x 0. 85 Derated 0 = 350 micro amps

ctnax. _ 350
Bf min. Q1 = 7 = 0 =5
b max.

H min, =5

Ql is selecied for

< 2 = =
VCESat Omv at ﬁf 5, IC 300 pa

Allowing V to vary from '"0' to x2

CE Sat

v =
A CE Sat{ aging 1 20my

This will appear as a percent error of

7 v AVeEsar 20

Ref. 6V =2 %000

x 1000

=, 3%



1
C max. 400
Bf_ N Lo = 20 =33

Bf worst case = 3,3

QZ is selected for

i

Vg eap~20mvat Be =5 I =300pa

CE c

allowing V . to vary from 0 to x 2

CI sa
=+ 2
VR sat 1 20 mv
aging

This appears as a percent error of

% v _ AVCE sat 20 100
° YRef, 6V - 6000 *

= 0. 3%
LR ] I
QZ Off }
QZ is M"Off" implies
IC<100 microamps

VB'E(Worst case for IC = 100pa) = .5V
VBE applied max. = VCE sat Q3 max.
v applied max, = 0.040V

BE
Worst case "Off" margin = 0,46V



Reference Generator

Worst case accuracy as a function of component aging and temperature

1S determined'by

nm

R3

Vin R1 C v .

O e AVATAVAVAV & | | ou

1 o
R2 R4
ase of the model represented above.
Vout = f(VlnI Vlnz Rl, RZ, R3, R‘%I:, C)

A% 1s a function of the two input voltages, resisiors and capacitors,

out
Any changes in the voltages, resistors or capacitors which are due to

aging and temperature will be statistically independent, Therefore,

the root mean error of Vo expressed as fraction change will be

ut



e 2
Z:Nollf. - : AVin I vinl b out AV VinZ bvout
v L V. v vy
out —_— in

out 1nl out bvinz
— 2
+ I:AR]- R1 b out] [AR R4: bvout'l
R1 Vou_t Vout bRAL

[&C C a)vout
+ . .
C v bC

out

The imitial step is independent of the value of the capacity. That is,

bvout 0
O° o

Also for T =0

Vinl 6 out <3
Vout ml
VmZ avout <1
A 5\/’.
out in2
Rl évout
v . R <1
out a 1
R4 b out
Vout b R
The imatial error can then be represented by
2 Z 2
out AVinZ n ARl + 1 &34
V. R U R
out

in2 1 4



All resistors RNXXC have ""C'' characteristics and as such have tem -
perature characteristics less than 50 parts per mllion per degree
centigrade (p. p. m/OC). The total temperature change is + 30",
Therefore the change in resistance due to femperature is

-%5-— =50x10°0x320=1.5%10"°
or
AR
R % = 0.15

Total effect of time on the resistors is assumed to cause a worst case

change of 0.5%. The total error in any resistor {assuming worst case
and add both effects) in

0.15 4+ 0.5 = 0.65%

The worst case analysis of the reference drivers indicated a worst

case error of 0.3%. The drivers provide V, _and V, .
ind in2

The total worst case initial error is

AV ' T T
—\—r——‘i‘-’i (%) <\ l(. 31240 3)%4 4 (L 65)°
out

To

out

v
out

< 1.4%

This percent error is equivalent to a digital output of

10% = 1 Bit

Error <. . 14 Biis
To

Error as a function of time.

The time dependent error 1s a function of the constant error (Z)‘) which

is 1n the expression RTC where RT is the equivalent resistance.



The total error in R_, can be found in a similar manner to the initial
error. However, the percent error in total resistance 1s always
less than the maximum error of any resistor,

I ‘RT
T

All Effects

= {To) < .65%

The error in capacitance is composed of temperature and aging effects,
The T.C of the capacitor is 150 ppm/oC. This yields a total error
due to the temperature range of 0.45%. The long term aging effect
should produce a worst case error of about 0. 5%. The totzl capacitor
error (assuming worst case and adding the errors) s 0. 95%.

=C (%) <. 95%
All Effects

Since there 1s only one capacitor and one main resistor that determine
time constant, the total worst case error will be

AN AR '
—PS‘ (%) ~— R + c

< 0.95% + 0.5%

< 1.45%

The error in time constant (E) 1s equvalent to an error in time, The
number of bits is directly related to time. The system error in bits
is therefore in bits per bit. The largest time interval for a reference
voltage step is 44 bits. The time dependent worst case error is

Error <7 .62 Bits
Max.
T = 44 bits



Suppression Circuit

+40 Volts supply:

+150V

2.4M

o +40V

All resistors are BB's, therefore

2.5 (1 4 .15)
=1
40V = 15 (1 + (T 19)

+8.4

40V = 15 + (25 | /)

40 = 15+ 25 + 8.4 = 48. 4V or

40 - 15 + 25 -6,2 = 33,8V



It

Buffer Logic
Timing andControl

Inte rface

Calibration command at SMCC

001
Vv 3, 3K ML_' 20 K
13__ A A ,\/ e - -~ -0 oul
10 5.1K
+3v £ 0. 06 Bmin &2 50
Veb = =5v
Pc = 0.7w @25°C
O:L-lv—bl l"i
10+2
psec
Specified Zin -~ 1K
Actual Zin > 3K
Worst Case Turn on:
Vb = 1+ 3.06v
.. = T 8v
in
I_n = 8 - 3:;12 = ?’22 ma~r 1.4 ma
t 3. 3x107x1. 05
I = 1.4--_--3'—;2— = 1.4-.3 = 1.1 ma.
10x107x. 95
I =~ 1.1 ma.



If Eo min = +2v,

. _ 2 _
IO avail. = 1.]. - m = 0.71’1’1&.
Worst Case Turn Off:
E = +lv
in
= +
Vb 2. 96v
10
= errrrr— - + 1
Ve 33 x 1 0!l Tv
Veb= 0.7-2.96=- 2. 2v
Word Gate +3v o
v 22K
im © AVAVA
+1
+ —
9 -2 I
01 -——

Specified Zin > 20K, Cln < 300 pf.
Actual Zin = 22K, Cin - negligible.

With Vm =0, allow Q1 to saturate at 0, 2v

. 3-0.2
e = 1. % 1sg =~ 190pa

Q2 and Q3 are cutoff

Eo ~ 13v



With V. = +9v
in
Q1 15 cutoff with Vb = +3, 6v

Q72 will saturate at 0, 2v

IeZ = ICZ = 190 pa
v _ ! 3 3, _ —
eonl = 3 - (2x107%. 19x10™) = 3 - 0, 38 = 2, 6v
.. Veb = 2.6 -3.6 = -1v
L, = .19 —-'i%-/,vjo.mma
If fmin of Q3 = 20:
I = 20 x,14 = 2,8 ma.
c3
Allowing Eo (Lo) to be +0. 3 max,
1 _ 2.7 _
IL avall, = 2.8 3 1.9 ma,
Assume C_ = 50 pf
AV=C 2. 7x50x10" -2
t, = = - % 70 nsec.
{ I -3
1.9x10
_ _ 3 -12 _
t ={10-90) = 2.2x3x107 x50 %10 = 330 nsec,

T

Because of the large input voltage swing, the trigger level stability is
insignificant.



+ov +3v

Sun Pulse
Shift Pulse

16 KC
0.01 out
"o o}
Worst Caze Off Bias:
Ri = 19.5K
R2 = 13, 6K
o 12-0.6
Vb - -6V +{3_3.—1T) 13. 6K + 0.~6
= -6 t+t4,6 +t0.6 =- 0, 8¢
Worst Case Turn On:
Vm = +8. 5v, t(on) = 18 psec

= 6-0,7 _
Ib - —-——-E—K——.26ma



i B = 20

min

= 20 x .26 = 5,2 rma.
cImin
If EO(I_o)max.: +0, 3v

_ 3.0-0,3 _
IR3 = — g T .9 ma.
IL avail. = 5.2 -.9 =4,3 ma.
Assume CL: 50 pf.

~12
Ef = Z'LT_X 50 }_{_130 ~= 30 nsec.
4, 3x 10

t_ (10-90) = 2.2 x 3x10° pRL
r - = « 2 x 3x107xh0x10 = 330 nsec.

D-C Interface

+3v
out
Z Source
23K
E out
Vin —B—
+1
9 -2

01




With both V. down

in
Worst Case Q1 turn on
A = +1,0v {(No Load)

Input R, s at maximum tolerance

Equivalent input {(neglecting diodes) 1s

86K 86K
23K 23K
Tlv
Vb = 2. 3v
- 2.3 _
Im = 54K = 43 pa
- 2.3 =
Ib = 43 pa 143K 27 pa
If B min = 100
IC = 100 x 27 pa = 2.7 ma.
(Sufficient to saturate QI)
1f Vce sat. of Q1 = 0, 3v +3v
Q2 input 1s

+2, Tv-

1K

+3v

out



it

B min of Q2 20

CZ rmin = Z ma
{Sufficient to saturate Q2)

. Eo(lo)max. = +0. 3v

03 will be biased off

" E; (hi) min = +2v
_ 3-2
I avail, = 51 ~ 0.2ma

With either Vm up, QI will be biased off.
Q2 will be biased off

For Eo (h1) min = +2v

_ 2-0.7 _
Lin3 = oK 05 ke
I, avarl = 200 - 65 =135 pa,
I = 65 - =1 =30 na
b3 20K p&.
If B3 min = 20
Ic3 = 20 x 30 pa = 0. 6 ma.
For E;(lo} max.= 0, 3v
_ 3.0 - 0.3
I, avail = 0.6 - =3¢



vCcoO

+3v

The oscillator is an astable multivibrator
with a symmetrical output. Thek "off" period of each transistor is

set by controlled charge currents to the cross-coupling capacitors,

The mean frequency is 2048 pps corresponding
to a 60 ppm Sun Pulse,

The minimum and maximurn frequencies are
1024 and 4096 pps.
+3v
c2 R2

et

125usec at 4 Kpps
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At the maximum frequency, the capacitor
recovery time must be 125 psec,

T o= 125%10°°
Make R2C2 = -——;— = 25 psec
Make C2 = 1000 pf
-6
R? - 2b x_lgO = 25K
10
use 24K

The collector is connected to an ematter
follower so that the loading is insignificant. The emutter follower is
loaded with one IC gate,

To saturate Q2,

. 2.7 -
IC = 2'—41{— - 0. 11 ma,

For a frequency of 1K pps, T = 500 usec.
C2 must be discharged at a rate that will hold off Q1 for 500 psec.

. _ vxc o _ 3351077 _
i = = Z = 6 pa

T 500 x 10°

B min = 40

I . 40 x 6 pa = 0.24 ma.
cmin



The frequency control current must vary

thus:
1IKpps = 6 pa
2Kpps = 12 pa
4Kpps = 24 pa
+12v
130K 130K
E
I1=12 pa I=12pa
Assume I 18 negligible
12 - (E+0.7) _
T30K = lepa
E = +9.74v @ 12pa
E = +10.52v @ obpa
E = +8,18v @ 24pa



16y +12V

200K
200K R
=N e S -
100M I
+
X C if5 RD
i —[ & 51K
f\/
At Sun Pulse = 60 PPM
E = 9. 74v
E(51K) = 12 -9.74 = 2.26v
_ 2.26 _
'p = sIm T e
The FET is selected for Vp = 1.0 to 1. 2v.
It has been determined experimentally that for VP = 1.0v.

sz ~ . 9v for ID = 45 pa.

= +
E across RD must equal 2. 26v and also 1s Vc VGS'

Vc = ERD_VGS = 2.26-.9 = 1.36v



The VCO control voltage will turn "off'" the bi-polar transistor if
the oscillator frequency is low, and "on' if the frequency 1s high. If the
transistor is off, VC increases, 1ncreasing ID. If 1t 15 on, VC decreases,
decreasing ID

The filter time constant 1s,

RC = 102x10°x15x107° ~) 1500 seconds.

The leakage current of the capacitor is specified to be 4 nanoamps maximum
at 140"F with VC = 2.
. 2
This makes R T e = 500 Meg
Leak 4 xl()“g

When the bi-polar transistor is on, the 100 Meg resistor is
essentially in parallel with the leakage resistor, This gives a discharge
time constant of approximately 1200 seconds.

The gain of the system can be calculated:

AF _2KC-1KC _ 1KC _ 1.28 cycles

AVC ~ 10.52-9.74 ~ B0 mv. mv.

where AVC = AE.

Assume the frequency is 2 KC at the time of a2 Sun Pulse and the
bi-polar transistor turns on,

-
AVe = Vc'vc<e T200

AVC

1.13 mv

"LAF= AVCx Gain x 1 sec

1.13mv  1.28 cycles
sec mv

x 1 sec.

AF

1.4 cycles i one second.

At this time, the control fhip flop will turn off the bi-polar transistor causing
the oscillator frequency to increase at approximately the same rate



The frequency error of 1.4 cycles/second represents
the time of about 10% of 1 sector.

A/D Clock
AlD
Stop/ Mulhwvibrator A/D
Clock gl Start — -
Control 2 Clock
Frequency
Control

The A/D clock oscillator 1s an astable multi-
vibrator whose ouiput is a 4 psec pulse at a rate of 81. 92 K pps. The
repetition rate is controlled to within 0. 4%.

The stop/start circuit provides a delay of 8
usec between the ''start' command and tne first clock pulse.

o i 0+6V
Q1
30, 1K
Q2
(Pt v
6, 04K

The sketch shows the deviation of the output voltage V of the multivibrator.
With the transistor Ql saturated,

V nz 5. 5v

With the transistor Ql biased off,

. bxb _
VM -—'3? - ].V
A Vs 4 By



A/D Clock

Qutput
GRD

6
() o (2)

R19
SANN——
R18

R16

R15

Al

R2Z2
A

R1 %
C4

(21) A/D Clock Control

Electronic Schematic
A/D Clock



When the transistor Ql turns off, the fall time of V 1s:

t; (10-90) = 2.2 RC
- 2.2%5x 100 x 160 x 10712
= 1.7 psec
where R = SOK” 6K
+6V
Q2 ] Q1
\\- /J'
N
1]

@q i

When Q1 conducts, the base of Q2 1s driven 4. 5v positive. The
discharge of C 1s controlled by current source I. To hold Q2 off for 8 psec,

L. AVG | 45x160x10717
¢ 8x10°°

"

90 pa.

On the next alternation, QI is held off for 4 psec. The current
source for this s:de delivers 180 pa.

A collector current of 1 ma 1s required to saturate QI or Q2, With
the current source supply I on, the required Bis:

_ e _ 1
B’Ib )

<

7~z 11

I.

~D

20 At low temperature and allowing for aging, the min, B of the 2N869A
1s 20,



+6V

p— "\

NS

Q3

20K 40K

v
The resistances of the voltage divider are selected so that V
will produce the proper oscillator frequency.

The temperature dependent AV, _ of the current source is cancelled
by the AV,  of Q3. The resistor R 1is S6lected to adjust the emitter current
of Q3 so that the & V. of the two transistor types 1s matched and frequency
drift over the tempe rature range 1s = 0. 3%.

EFFECTS OF CLOCK INSTABILITY ON SYSTEM ACCURACY

At the time an A/D conversion 18 made for flux or H1 voltage,
a burst of 128 clock pulses 1s generated. This is sufficient to exactly
fill a 7 stage register.

The 128 pulses occupy a time slot of 1561, 6 psec., If the instrument

18 calibrated at this frequency, a pulse width of 1561. 6 psec indicates 0 volts
or 0 flux,

Now, 1f the frequency decreases by 1% to 82,11 KC, only 126, 72 pulses

will enter the register for a pulse width of 1561, 6 psec. This 1s an insignificant
error of 1. 28 bits, For a pulse of one-half full scale width, the error is

0. 64 bits,

Because of the more complex PWM technique used for flux measure-
ment, the A/D error is reduced by 1/3 to 0. 42 bits for full scale pulse width,

The above analysis 15 made on the basis of 1% instability, whereas
the maximum instability 1s 0. 3%.

1.0

0.3 - 23

Design Margin =



) The important function is the delay circuit
whose schematic is presented below,

+6V

+15V

From
F/F2

-6V

Normally, Ql is cutoff and its collector voltage
is about +6v, The voltage divider between +6v and ground holds the
gale of Q2 at 10.5v. With the gate of Q3 held at ground, Q3 18 cutoff
and Q2 is conducting. When the base of Q1 goes positive its collector
goes to ground and the gate of Q2 goes to about -5. 5v. This cuts off
QZ and allows Q3 to conduct,

C discharges through R2 until the gate of Q2
reaches Ov, then Q2 conducts again. .

Analytically, the time constant is 12 msec and
with the 40, 5v bias, Q2 is biased off for 30 msec. To compensate for
this, along with component and voltage tolerances, R is selected so that
the output pulse width is 32 % 0, 1 msec. ’

Using the nominal values introduced above,

t

5.5 = 6% -~ =3
e 12x10
c et = 083
e 12x10
t 5 = 2.5
izx 10"
t = 30 msec.



o The specified capacitor has a maximum T. C of
+165 PPM/ C

AC max, = 7pi

The specified resistor has a maximum T, C of = 500 PPM/OC.

AR max. = 175K
7= 10.1TM
¢’ = 1207 pf
R’C” = 12.27 msec.
and,
£ = 2.5x12.27x107°
= 30. 6 msec.
therefore,
% change = -g-ﬁ-(—)-— = 2%
Allowed change= 3.2%
Design Margin = %—% = 1.6

The slope of the discharge curve at 32 msec 15 determined,

e = - be _—32—_3
© 12x10
d eo _ 1' - 32
T - {-6) {- —~z) € =3
12x10 ’ 12x10

= ,5v/msec x.074 = 37mv/msec.

VGSld VGSZ of the FET's can change by 0.5 mv when temperature

is changed from 25°C to 65° C. Thus, the switching time of the FET's can

by, .5 mv

" 37 mv/msec - 013 msec

which is insignificant,



High Voltage A/D

H. V. ‘Analog Start A/D

Start HV A/D

Electron ’ Ion 100 |
+6. 000 \ =% +
Comp % CP r/F
120}0i pf Ref 5 CL 101
T
G

R Sec 10 _

71.5 VP TVP \\ -
C ouni
' 2N2222A '
1 —
( : ) /s
5,1K
i
00K 51K
I Start Bv A/
ov - HV Analog
/,——
//
ef

H H. V. Count




The RC time constant is selected such that with a
42 mv input to the comparator, the H, V. count pulse will allow 124
of the 128 A/D clock pulses into the dagital register. This 1s equiva-
lent to a time duration between start A/D and H. V. count of,

t= 124 x 12,2 usec. = 1493 usec.
6

1493 x 10~

1th .042 = 3, -
w 3. 500 e e

RC = 340 x 10_6 sec.

It

Selecting C = 1200 pf

(Ceramic with TC = 25 ppm/OC)
R = 280K
(RN6OE, with TC = 25 ppm/°C)
35°C
10 pf
245 ohms

AT
AC
AR

it

thRC = ~—0t
wi 3500

Therefore:

-6 _
4.4 (340 x' 10 + 2450 % 10 12) =t 4+ At

t = .0l usec.



III High Voltage Power Supply

D,C. Amp and Chopper

Input to ] o ;
DC Am A=3.3 A=8. 333 utput from
Xformer
42 mv to
3v 0.050V to 83.3v

Input Drift = 0,3 mv, Output Draift = 0.3 x 3.3 x 8.3 = 8.33 mv

8.33 _
% drift 1166 = 0. 7%

Maximum input drift for an output drift of 5%

L\Eo=5x10-2x1.166=58 mv
AR
o 58 mv
AR 0 T AL T 3.33%8.33 2.1 my

Maxinmum drift refer to input 18 2.1 mv.

D,C. Amp, Chopper & Doubler

42 mv
to & A =T.8 A=16 | 17,5V to 1250V
2 3
3v
Doubler

DC Amp Chopper




Input Drift = 0. 3 mv (input amp only)

Qutput Drift = 0.3 x3.3x 7.8 x 16 = 123 mv

0.123

% draft = 17.5

= 0. 7%

Therefore, the best possible stability for the system 1s50. 7%. ’
Maximum input drift for an output drift of 5% 1s
AE =5 % 107% x 17.5 = 435 mv

AE 435

in=A1A2A3 " 3 3n7.8xl6 - 06mv

AE

Therefore, the maximum drift of the system refer to input 1s 1.06 mv,



‘Amplifier Drift

a) Output Stage

&VDS

e
o]

BV o (-15°C + 60°C) = 150 millivolts

AVDS = 2 x 150 = 300 millivolts

b} Third Stage

120K

at output drift 1s

AVt Ry x AT xI)+ I

300 + 28 + 360 = 688, 0 mv



Gain of third stages

_ 26x 107> - 1800
Tea 144 x 10-6 ~

26 x 10‘3

Teb T Bgx 105 ~ 4400

_ ZX120x103
"~ 180 + 1.5K + 440

=121

Drift of third stage!

AV = Sutput drift 688
38 gain To121

Second stage or input to third stage.

267K
ICRBO03

Repp =

= 5,7 mv

ICBo2

AN

I.5K

d)?,rd Stage




Drift due to V

BE3a
A - - -
VBE 150 millivolts
v '1<:15 millivolts

A‘VBESa - "BE3b
..

e

Drift due to ICBO

AICBO =3ka

AVICBO = 267x 103 x3x 10'6 = 390 mllivolts

Resistor will be within 2%.

A = =
VICBO 800 x 0,02 = 16 mv

Drift due to resistor

V. = 2.5 volts

R
A VR =2.5VxbdTx 50pp1’n/C0
-6 .
AVR = 2.5V x 75 % 50 x 10 = 9.4 mllivolts

RMS Total V =13.8 mv

RMS total refer to input of gain of second stage

ZRL

AT v,

el el
o, =26x107°_ 26x1070 o
Tel " Te2 T 1 - Tilgta | O~

B



RL = RC “ RmS
ws PR = =
Rins w B E = 100 x 9K = 900K

R = 267x%900 .

= ————r K
L= 71167 210
2x 210
A= 5 =8l
Input drift = 53'881—--—n31”- = 172 microvolts

First stage or input of second stage

-6
A = = i
VBE 5x% 10 ~ x 75 = 375 microvolts

Drift due to drain resistor

v

3
RD 2% 29.4x 10

= 5.9 volts

d -H
AVRD—S.‘)J:?SXSOXIO = 22 mv

Resistance tolerance 1s 2%

22 x 2 .
A VRD " 7100 = 440 microvolis

Total RMS signal output drift

VDSZ = 495 microvolts
495
VDSI = 50 - 24. 7 microvolis

Total input draft = 750 + 25 = 775 microvolis

. % drift = 0";7275 = 1. 85%




Doubler Gate and Doubler Chain

The following factors dictate the size of the doubler

capacitor:
1. Ripple Output
2. Response Time (Step time}
3. Qutput Voltage required
(Factors 1 and 3 are related)

Ripple is less than 1%.

1 x1250
10

Maximum ripple V= = 12.5 volts



The output ripple waveform is shown below.

LTI

V shown in the ripple output is due to the capacitance of the 1N649
dfode as shown in figure above. This occurs during the negative transition
of the input from the transformer.

Lo &
C+CD
= >‘>
VJ CCD where C CD
+ C

C—E-CD



_ Sp
Vo= o E
=10pf andV, =2 volts K =157V
D max J
EC
C= —2 - 137 1672 2 780 x 1072 farads
v, 2

This 15 a rough calculation since CD will decrease as E increases.

For worst case consideration assume C = 400 pf. The analysis follows

Vle = 0

I =1 leak {See leakage & Load path)
I=12,4 microamp

T = 60 microseconds

v _ 12.4%10 % % 60x107° I
le2 - 400 x 10-12 B
also Vk31 _ Vle
2
or A 1. 8 volts
le1

Assume the charge time of the capacitor 15 20 microseconds and the

discharge time for Vle 18 40 microseconds.
1
-6 6
12,4 x 10 " x40x 10 _
Vlel 400 x 10-12 = 1. 24 volts
c ~12
D 5x 10
V= © F ¢ fwox 1otz ¥ 157 =2V

or =V +V -f-VJ = 1.2V + 1,8V + 2 =5V



1ch:aLrge = T = 20 % 10-0 = 100 microamps

The above ripple analysis shows that a 400 pf doubler capacitor will
be large enough to supply voltage with ripple less than 1%.

Load and leakage path on output capacitor:

Ql
CR2
1N3285

IC = 50 nancamps at 400V and 25°¢

The 2N3439 transistors are selected such that:

1 at 1 Meg =<{100 nanoamps at 400 V and 25°C

CER
Therefore ICER = 3.2 microamps at 60°c
ICER will be less than 3.2 microamps because.
v =
CE 156 volts
il = leakage current of a 1N649 diode and 1s less than

2 microamps

i3 = leakage current of a 1N3285 diode and is less than

1 microamp,



Total leakage current,

i

1]

T=1l+ez+e3 2+ 3.2+ 1=6.2 microamps

allowing a design margin of 2

1o = 6.4 microamps x 2 = 12, 8 mircoamps

Fairst doubler leak path.

___{
i.l =1, ic = iz iz = 3.2 microamps
v e BRI gy
vV =28V

PP



Referring back to ripple output wave we have

Second Doubler Leak Paths

RF= 30 Meg
Rl = 66 Meg=Rz
312
IF = =5 = 10 pa
78
IRZ- e = 1.2 pa
iRz= 1i
iC = iF + i2
iC = 13,2 pa
T 13.2 x 10°° x 60 x 107° -2y
C - 4 x 10-10 -

13,2 x 10-6 % 40 x 10-6

4 x 10-10

=1,3V

V. =V +V +VJ,=5.3V



Dump Switch

8th Switch
O—AAAA~ ’
+150V
20.4
A
47 22M b o 150V
. o ~150-1 .
Maximum I occurs when E £ 0 I = == = 8, 3 microamperes
c ¢ max. 18M
let R, = 22M and derate by + 10%
148V
'3 min, = T2am " 6-3ke
- 149

18 max. ZoM (-2 ne

+1
E max, c max, B mazx,

=8.347.5=15.8 pa

The forced beta is equal to

B - C ImMax,

- = 8
F IB max, 6.

All transistors are selected with B> 6 therefore allowing a reduction of

50% over temperature and worst case consideration. B min, = 3,

Design margin =

i
Do

1.3 -3

By applying the reasonmng above to all dump switches, the results
tabulated in table below are obtained.



SUMMARY OF WORST CASE BIASING OF DUMP SW

sw | r::x BH:X Bn;n. EI:L‘ZX B B i?‘:’ vaf;;ﬁ?n
8 8.3 7.5 6.3 15, 8 1. 6 3 2.3
7 15. 8 8.3 6.7 24.1 2. 10 5 2.2
6 24,1 9.4 7.4 33,5 3. 12 6 1.9
5 33.5 9.9 8.2 43, 4 4, 15 |7.5 1.8
4 43, 4 11.4 10.0 54. 8 3, 16 8 2.0
3 54,8 14,9 12.3 69.7 | 4. 18 9 2.0
2 69. 7 16.4 13.4 86.1 5. 20 10 1.9
1 86.1 22.0 18.00 | 108.1 4, 22 | 11 2.3




Dump Gate

+6V

1< 4.3M Q, J_ °

A change of + 10% is assumed for all resistors and the + 150 volts
supply.

165 ~0.5-0.5-0.5+ 6 .6

B max. 3.9M T47K
By max, = 41 - 14=27 pa

135 -0.6-0.6-0.6 + 6 . 6
B, max. 4, T™ © 47K

=29.6 - 14 = 15.6 pa

Bl min.

From worst case calculation of dump circuitry I was found
Cj max
to be 86,1 Pa.

Therefore



Choose transistor with a Bmin of 11 which yields a design margin of

Ie2 = Tc1 * &kl

1l

86 + 41 = 127 pa

135 -.6-.6+ 0

IRBZ = 7. = = 29. 6 Fa
IR e © 14 pa
IBZmin. =29.6 -14=15,6
B min. at 100° > 30
B mun. at -15° > 15
B 127 _
F 15,6 - 81
Design Margin = -—g——rﬂ}l = %— =1.85
P .
6.1.7.2.1 Leakage Analysis
1 = 3,2 a at 60°C
cBO 7 2
v = 3,2 x 56K = 180 millivolts

BE

Assuming for worst case transistor turn "'On'" VBE = 0.4 volts

.4
Design Margin = Tl 2.2



IC4 max., = 82 pa

. 646-0.6-0.6-0.6-0.3
IRpa = 520K = 451a
IRi e = 14: lJ,a.

IB4 rmin, - 45 ~14 = 31 pa

82
g o311 2.6
B .  at-15°C =11
min.
. 11
Design Margin = > = 4,2

I =
RB4 max. 52 pa

C3 max, = 82 + 52 = 134pa

_ 6-0.6-0.6-0.6 _
IRB3min. = 68K =62 Ma

1.2

'Rie ™ Z7r T 2bMe

B3 min. =62'26:36“.&
134
B F 36 3.7
B at -15° = 15
min,
. . 15
Design Margin = =4

3.7



Control Logic

The HVP interface converts the low level
HVP signal into high level HVF' and HVF' signals. The HVZ interface
converts the low level HVZ signal into high level HVZ' and HVZ' signals,

Interface Gating

+6V
&r 0 +3V
R 160 6,2 100K
” C
B
HVP!
HVP
b ~H—

The only source current needed is for RC. Given I =0, 4 pa maximum,

CBO
ATVRC due to ICBO = 1V max. worst case
R _ = 1 = 2.5 Me
¢~ 0. 4x10-6 ~ % g
if R = 160K
v due to I =16 105 0.4 10‘6 =.064V
RC , CBO = . X x U. X = .
6 2.4 2.4

Ic Total = T6%x10° 7 6.2x103 T Tx10°

Ic Total — 37.5pa + 388pa + 24pa = 450 pa
If B = 60
~ 450pa
Then IB = %o - 7.5 pa



R = 160K

le
VBE max. - 0. 75 volts
‘Rie” 01.675 =4 Tpa
IRB =7.5+4.7=12.2 pa
Ry~ 61-2.22 = 300K
IV  Low Voltage Power Supply
Preregulator

See Figure 4.14.1-1

The +28 volts spacecraft fluctuations are +5V and -4V, For

an input power of less than 3.5 watts,

_ 3.0 _
at ZBV Imax = —2-8- = 107 ma
at 28 + 5 = 33V I = 3.0 31 ma
max 33
at 28 - 4 = 3.0 = 125 ma

24V Loax T T



The regulating transistor 2N1486 1s mounted
on a hook-up board and 1s in thermal contact with the power supply
housing for a more effective heat dissipation.

Bmin. of 2N1486 at 5°F and 125 ma 1s = 60

For worst case design derate by 50%  But the characteristic curves
for this particular transistor show gdoes not vary with temperature
below B = 60, B worst case = 60.

I 2N1486 =1 = 125 ma
cmax. max.

125 ma

20 = 2,08 ma

2 =
IB max. N1486

Q; and , are MILO002 transistors with
B min, = 160 and with 50% derating for worst case, then

B min Ql’ QZ = 80

I, = 1,2N1486 = 2 ma
IEJ. Zma
S, = 25
517 g11 80 ha

Worst case [ = 25 microamps,

Bl

By increasing the gain of the d-c amplifier,
a taght regulation and ripple free output is obtained. This however,
causes high frequency oscillation. These oscillations are eliminated
by limiting the high frequency response of the amplifier by including
a large capacitor across the output.



Af this time let us analyze the comparison
element of the preregulator, the differential amplifier. Again refer
to Figure 4, 14,1-1,

CR3 is a zener diode, FCT 1121 and has
a TC aét 100 microamps of + 0. 001%/°C (temperature range -55°¢C
to 100 C) and VC = 6. 7V nominal at output = 23. 5 volts.

R3
R = Vout” VCR3 _ Vout” VCR3
7 INR,7 .'I.C-R3
R = 23.5 - 6.7 16,8 volts
77 100pa ~  100pa
R.7 = 168K
since VBQ3A = 6,7 volts
then VEQ3A=6.7-—.7=6V
Let I1.Q =1 Q =10 pa

C 3A c 3B

I = ICQBB + IcQ3B =10 + 10 = 20 ya

E
E™3 K
since VBQ3A =6.7V
and IBQ3 A is relatively small,
R10 ) VR4 6.7v

then

Rlo-}(Rll +R12) Vout 23.5V



Let IR10 = IR7 = 100 ,a

v
¢ 23,5V
Then IR10 = ou =
Rig PRy +RH) Ript Ry R )
23.5V
therefore R+ (R +R )= ot = 235K
L =
et RlO 168K
Then (R}, + R ,) = 235K - 168K = 67K

VEQSB = 6 volts

vV o -V_Q
Let v o) out E 3B

CE™3B 2

23.5 -6 17.5
= > = > = 8.75V

VCQ3B = VE + VCE =6 + 8.75 = 14. 75 volis

v -V . .Q

R = out C™ 3B = 23.5-14 75
g IR8 10pa
8.75

R8 " Topa - 875K
For a balanced amplifier

R8 = R5 = 875K
Let ICQZ = 100 pa
Then IR3 = 100pa + 252 = 125pa

VR3= 34V - 25.2 - 8.8V




ChoEEer

A. For Tl
Use magnetics incorporated core.

50153 - ID

A =0.038 crn2
1=3.49 cm

B = 8500 gauss

and frequency 5000 Hz

4
Np_ 4xB xfx A

g = 8500 gauss = 8500 x lO-BWeber

8
23,.5x 10

N = 28500 x 5000 x 0,038 - 200 turns
let VS = 4,5 volts, then

N v

P _
NS VS
NEVS 4,5
NS = Vc 7 360 535 ° 70 turns or 35 turns (3-4, 4-5)
I = - HI1 _ 0'08X3'49=.61ma

m 0.4HNP 1.26 x 360


http:0.08x3.49

Q, and Q_ are NPN power trans-
istor 2N1482 and I at 23. 5 volts 1s equal to aboul 500 ma.
Worst case B 1s about the same as 8 man. for this particular transis-
tor,

500
IB—T—7.l5ma
v =1 R =V_, -V

Vg - Vgp=2.3-LlL1=12v
1.2V 1.2 x 10°
R¢ = 715 ma 7.15 = 200 ohms
v
_ C
R, +Rg =
I
PI
N
S
I =1 +1_—=
P I:m BN
P
35

=0.61l ma+ 7.15 ma

360

=0.6l ma+ 7Tl5ma=1.325 ma



23.5V

=17=x lO3 ohms

4 5 - 1.325=x 10-3
- = 8
or R4 R5 Ko
B For TZ

Use magnetics incorporated

core 50007 - IR

A= 227
1=6.48
B = 7500/2 = 3750
f= 5000
v=23.5
H=0.1
47,0 x 108
N = - = 376 turns

p 4 x 3750 x 5000 x 227

or 138 turns {4-5, 5-6)

Hl 0 1x6.48
Lvax = TanN - 1.26x 376 " -8 ma

The required potential for the post regulators 1s derived from the
following.

E +AV
o TAVR YV + ViR

The drop across the winding VwIR will be an estimate

For the +12 volt post regulator

124+ 1 +0.7+0.1=13.95



N, for +12V post regulator 1s

S
23.5 276
13,95 NS
where N_ = 166 turns

S
or 83 turns (23.24, 24.25)

For the +6 volts post regulator
6+1+0.85+0.1="7.95

NS for +6V post regulator is

23.5 276

7.95 NS

Where NS = 94 turns or 47 turns (12-13, 13-14)

The turmratio for remaining windings are computed in the same
manner

When the preregulator voltage
starts to rise to 15 volts, the starting network 1s going to turn On
the inverter. Q, is an ML 20001 transistor, it requires a base
current of 7 15 ma to fully turn "On" QZ’ or IBQ2 = 7.15 ma. This

means that maitially Ing is about 7. 15 ma.
_ - = R
15V VCEQ'l VBEQZ IR8 8
15V - 0.4 - 1.1 13.5
oF Rg ~ I "I,
R 8 R8

and for the 7. 15 ma requred, then

13 5
Ry = 7-T5ma = 2K



Post Regulator

a) + 6 Volts post regulator (Figure 4,14.3-1)

I Q. =20 ma
c 1
B mmin of Ql = 90 Ql = 2N2222 or = MIL.QOOO

worst case § = Bzrnln = 9g = 45

1.0 -3
Cl 20 x 10 - 0.45 ma

'Bo, T Tas T 45
IEQZ = IBQJ. = 0. 45 ma
ICQZ = IEQZ = 0. 45 ma

B mmn of QZ = 160 QZ = 2N2484 = MI.002

worst case B Qz = 160/2 = 80

0.45ma
15 ° g0 =5pa
Q. =19, ., =45¢pa

let
¢ eiar Y TeIeY



Also

let

ithen

or

and let 160 g a through CR1 and R8 + R11 with 100 pa thru CR1

let

also since

L2 =g ¥ 1R,

=5p,a.+ 45|¢a =50Ha

VeR3a = 8V Varg, * VaEq,
=6V . = 7.
VCQ3A +0.7+0 7 =7.4 volis
15 - 7.4 7.6 % 10°
Ry ™ 50 106" 50 = 150K
IR, =1.Q,=0.45 ma .
15 -6 -1
VCEQZ = > = 4 volts

V.Q =6+1+4=11 volts

C

R =

R

2

3
15 -11 4% 10
0 45 x 10-2 .45 - 10K

5.‘:

R8+R

v

B

Q

15 - 6.7 8.3 _
160 x 10-© ~ 160 ~ 52K

6.7V
77 R¢ = §ox10-6 7 HIE

6V
4A " B0xi0-° 100K

R6=100K + and R_+R_=11K

7 8

IR, = 90ua



E73A B3A  BE 3A

<
o
I
o
I
<)
-]
I
»

.3V

R3= —-—-"‘—B-goxlo_ = 55K

b) -6 volts post regulator (Figure 4. 14.3-2)

ICQl = 20 ma
B min Ql = 100 Ql = 2N2907A = ML0O1

g min _ 1006
2 - 2

B worst case = = 50

IBQI = o - .4 ma

IBQl"Ez‘c 2

l
=i
0
|
O

B worst case = QZ = 50 QZ = Ql

. 4dma
IgQ, = 55 =8pa

1

Since the output voltage and
current are equivalent to that of the +6 volts post regulator, the
worst case design follows the same reasoning as before with the
exception of the Vcc supply for QZ, and Q3 which 1s now -25 volis

IRZ = 45pa + 8 pa = 53pa

VCQ3A = 7.4 volts



. 25-74 17.6
Ro® 53x106 83 %106 = 350K

25 - 11 14 140 x 10
and R = S %103~ 2x103 4 = 35K

let 180 pa through for CR1 and RS + R,_{, + R6 with ICR1 = 100 pa.

6V

Be ™ 8o - %
6 7V

R, + Ry + 75K = 5o

R+ R+ 75K = 83K
7 8

h . = - =
where R7 FRS 83-75 = 8K

The design of remaining post

regulators 1s simmlar to the + 6 volt post regulator.
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INTRODUCTION

This report is submutted as a partial fulfillment of the NASA/ARC
Contract (NAS 2-3374) to Marshall Laboratories.

During this analysis i1t was assumed that all components were serially
arranged for worst casc condifions. Failure rates used were bascd
on a high reliability component derating of 10% at a temperature of
50° C and the confidence level of 60%.



ABSTRACT

A preliminary reliability study was conducted to determine the relative
probability of success of the ARC Plasma Probe Experiment - Pioneer
C & D Spacecraft. The early design probability of success is 488 for
a period of 10,000 hours or a meantime between faialure (MTBI) of
1.59 year.
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- TEXT

Factors taken into consideration for this analysis arc the length of
operating time desired, the environments in which the instrument
must operale, and the relhab:ility design goal,

Since each component will be subjected to extensive burn-in and
screenmng tesls, the only failure that may be experienced will be
essentially constant. That is, any failure occurring after infant
morlality and before normal wear out.
1
When failures occur at a constant rate, the failure follows an ex-
ponential distribution. Therefore, the following expression from the
Poisson distribution was used to show a close approximation of the
probability of no failure in the given time:
_ =Nt
Ps =e
where P is the'probability of survival without failure. The ) is the
effective’failure rate per 109 hours and t is the operating time in
hours to the first failure.

Since this instrument contains a large number of components arranged
serially, the following cxpression was used for the total failure rate:

p ‘ }u=2}~lnl

where )\ 1 is the individual failure rate of a particular component and n,
is the number of times that component appears in the system.

The meantime between failure (MTBF) of the system can be expressed:
1 _ 1

A Enl.'hl

MTBF =

An initial search was conducted to establish a realistic component failure
rate (\; ) to be used in the analysis. Failure rate tables considered included

1. The Merit Index of Proven Parts and Sources from the National
Aeronautics and Space Administration.

2. The failure rates developed by Rome Air Development Center. ~
3. Military Standardization Handbook 217 dated August 8, 1962.
4, The failure rates ecstablished in the 'jf'hompson-Ramo-Wooldridge'

Reliability Handbool,

The data used to cstablish the failure rate values in the TRW Reliability
Handbook come from the Minuteman Program, the various OGO Spacecraft,
the Vela Nuclear Detector Spacecraft, and the Titan Guidance Computer.
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Considering the Component Evaluation and Qualily Assurance Programs
in effect at Marshall Laboratories and the fact that the TRW failure
rates are established for asrospace equipment under conditions sirmlar
to those of the subjcct space instrument, the same tables are therefore
most applicable and have been used i1n the following preliminary design
reliability calculations.

Calculations

The following calculations are based on an estimate of the total number
of components Used in the instrument, serially arranged, under 10%
stress, at 500 C and a confidence level of 60%.

Given

kl . 0 = {A1- nl)
Transistors 20.1077 354 7,080
Diodes 6-10"7 503 1,518
Integrated Circuits 160 - 10-'9 379 60, 640
Resistors 2 10_9 898 1,796
Capacitors 3. 1077 336 1,002

, Therefore N=2ZNy s ny= 72,036

and A = 72,036 failures per 1077 hours.

The MTBF = - = 1 = 13.85 . 10° hours or 1.59 years
72,036 -1077

-\t -.720
e

The PS = e = = ,488 or 48. 8%

The following calculations show the reliability of each particular section
of the instrument with worst case {Psl) and best case (Ps2} figures.

Low Voltage Power Supply Psl (worst & best not shown here because
actual rates used)

S nlNl = 4280 -1077
MTBF = 234.10° hours = 26. 6 year

6 - .0428

- +4
_ - (4.28.1077) +(10 }=e = 0.958

Ps =

Electrometer Amplifiers (3) Ps2 (worst & best not shown here because

Znl A = 3432 - 10-9 " aclual rates used)
MTBF = 292, 10_3 hr

-6 4, ~.0343 _
Ps = e—(343. 10 7)-{(107) =e =,967
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Timing and Control PS

3
-9
= T = .
RN WeC 22,762 - 10
i
_ _ -9
S,m,%, = BC = 16,713.10
MTBF. = 1,107 44 10> hrs
1 -~ 22,762 ' r
MTBF, = 1107 60 .10 hrs
2 Ib,71R T ' ¥
- {22,162 10"6) { 104) - .2276
PS1 = e ‘ ’ = e = ,796
_6 A, - .1671 = .84b
B = - (16,713,107 (10% = o7
f= 4
Sector Programmer P54
) ) -9
Zoa.n, = WC = 11,086 10
T.n..n. = BC = 8,161 « 1077
2820 N 2 :
MTBF, = 1.107 90.10° h
1 11, 086 ‘ rs
9
1.107 3
MTBFZ = m - .}.23.10 hIS
-1.086.10°%) gof) - .1108
P, = e - 086. = e " = .895
sl
. . _6.161.10°%) (1o%= o - 0816 - o515


http:8.161.10
http:16,713.10

Target Programmer PS

5
Z.Nn,.h, = WC = 101010“9
R ;
S.on.h. = BC = 730-1077
2P2 Mo '
MTBF. = 1.107 99-10° h
1 - T,010 - rs
MTBF. = 1107 137 10° b
2 73 rs
-6 4 i
p = -{1.010.1077)(107), { ~.010 _ 44,
sl
b - ~(.730.10°%) (10%)= & = -00T3 - 5 990
= e
s2
A/D Connector P‘sé
. ) -9
%in.n, = WC = 21,324-10
S.n. A, = BC = 15,864-10"7
20 Ao :
MTBF, = 1107 46-10° h
1 - 21,324 rs
N 9 3
MTBF, = 1.10° = 63-10° hrs
15, 864
~(21.324.10"%) 0% ) = e -. 2132
p . = l2l.324. . = .808
s1
-(15.864.10°%) (10%)= e - .1586
P e - 804. . = .859

Page.4
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Compression and Pulse Width Modulations Ps?

= . "'9
T, = 5212 - 10

MTBF = 102-10° hrs
L -B.21-107900% | - Los21

P
s

. 349

High Voltage Power Supply PS

8
= nl)"I = worst case 5220-10"9
Zn,h, = best case 4540-1077
MTBF, = —L_ = 192-10° h
1 5220 rs
MTBF., = —— - = 220.1-0311 5
2 2540 *
- S b 4
P . = g -(5.22.1077)(107)
sl A
- _ - =(522) _
Py " = L9492
b, 4
b o o -l4.54.10 5n0%
s2
P o= e (084} 4540

Page'5



High Voltage Programmer PS o

_ _ _ 10-9
Z, = nj.A; = WC = 7035-10
=, = n,.A, = BC =7'90010'9
2 2 M2
MTBF . 1-107_ 136-10° hrs
L = 7035
MTBF, = ————1'109 127105 1
2~ 7900 rs
6. 4
b = o-(103.107%00% | - .o0703 _ .,
sl
-7.90 107804 - .079
P = e ’ = e : = L9924
s2
Suppressor Programmer PSIO
z, = WC = 1170-10"7
z, = BC = 8451077
MTBF, = 1107 _ 855.10° h
1 1170 rs
MTBF, =_110° 107 118-10° hrs
2 "7g4s
3 1]
-0.170.10"8(10% - .0117 = .988
b . o -.170. I .
sl
- (855.10"9(10%)_ - .o08s
PsZ = e ) = e = 5.990

Page'6



Buffer Storage Ps

11
s n. A, = WC = 35 976-10"7
1710 My . ;
S.on..\. = BC = 22,256-10"7
20y Np '
MTBF, = 1107 _ 28-10° hrs
1~ 357976 © .
I‘, 9
_o 10”7 L83
MTBFZ 7 33356 45-107 hrs
-{65.976 '10'6)(104) - .3597
P51 = e ' ' = e ) = -699
«(22.256.10"9(10%) - .2225
P = e ' ) = e = ,802
s2
In Flight gali/brator ?512
i
Znjn, = WC = 1356 -10"7
_ _ =9
Zah, = BC = 83810
MTBF. = - 107 740-10° hrs
1~ 1356
MTBF. = 1107 1195-10> hrs
T2 35
P, - ,-0.35.10 (109 s oo m 0135 o oo
6., 4 -
P = o -(838107%)00%) _ _-.0083 _ .o

sé
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Temperaiure Sensor Ps 13

.0
Snh, = WC = 3601077
Sn.n. = BC = 328-10°°
2N 2
MTBF. = 1’10 2.780-10° h
1 360, ) rs
MTBF. = 1.10 3.030-10° h
2 320 g rs
- (360 10'6)(104) - .0036
P, o= e ' = p T = 5.990
328.10"Oy10% 0033 = >.990
P e ( . )( ) = e T = >.
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Lo INTRODUCTION

This document defines the results of a mathematical analysis
of the ARC Plasma Probe ML 304-1 packaging design undertaken to demon-
strate compliance to the environmental conditions imposed by ARC
Specification A-10202.

2.0 CONCLUSIONS

The instrument has been shown by this analysis to meet the
requirements of the environmental conditions of Qualification Testing.
A factor of safety of 2,0 is required for satisfactory compliance of
the instrument., As noted in Table I, the lowest factor of safety was
determined to be 2.5. The analysis is based on 50g shock environment
with an amplification factor of 1. 75, or 30g vibration level with an
amplification factor of 3. The corresponding loadings are listed in
Table IL.

1 e = v

P

TABLE 1
SUMMARY OF RESULTS
Reference Member Loading Axis Safety
Paragraph . L B Factor
3.3.1,2 Attachment | Tension re- Thrust ] 3.1 T
Screws sulting from
Sinusoidal {
Vibration
3.3.1.3 Attachment Resistance Lateral 2.8
Screws to tipping-
shock {
$
t
3.3.1.3 Attachment Maximum Lateral 2.7 |
| Screws Tensile
; stress of
H sCrews -
shock
3.3.1.3 Mounting Maximum Lateral 2.5
Feet shear str-
ess of
SCrews - ; i
shock |
]
3.3.2.1 Housing Tension re- | lLateral C 12,7 !
Side Panels sulting from
shock
3.3.2.2 Housing Compress- Lateral 9.1
Corners ion result-
ing shock
3.3.2.3 Housing Buckling- Lateral 10.9
| Corners l Shock J
D VU i e e £ —_ -
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TABLE II

EQUIVALENT ENVIRONMENTAL LOADING

Environ- Axis Applied Ampli -_1 Inertia Equiv.
mental (see Fig.l)| Level fication | Force Applied
Condition Factor Level Load
. (pounds)
Shock (3.1.3) X, Y & Z 50g 1.75 87.5g 569
"1
Random X, Y & Z | (.07g 3.0 34g 221
Vibration 2/cps)
(3.1.2
! Sinuoidal P Y&z 20g 3.0 60g 390
| Vibration X 30g 3.0 90g 585
(3.1.1)
Continuous i 20° 48g 1.0 48¢g
. Acceleration @ to X
F(3.1.4) ‘
L U N . o e

X ~ Thrust Axis
Y & Z ~ Lateral Axis

3.0 ANALYSIS

The analysis consists of first evaluating the loads corresponding
to the many environmental conditions and thereby establishing the most
severe requirements. Second, the stresses in the instrument structure,
caused by these loads are calculated.

3.1 Specified Environment
Environmental conditions are given in ARC Specification A-10202.

The conditions which impose siresses in the instrument structure are
principally:

{a) Sinusoidal Vibration (paragraph D2.1.6,3.2)
(b) Random Vibration (B2.1.6.3,2)

{c) Shock (B2.1.6,3.4)

(d) Steady State Acceleration (B2.1.6.3.3)

3.1.1 Sinusoidal Vibration

Sinusoit\xl Vibration is specified as foliows for the
gualification test.
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Vibration Frequency Test Acceleration
Axis Range {cps} Duration {min. } 0-peak

Thrust 10 - 50 1.17 . 7.5

(X -X) 50 -~ 100 +5 30
100 - 250 .65 20
250 - 500 .50 7.5
500 - 2000 1.0 21

Total 3.82

Lateral

Y Y & 10 - 50 1.17 7.5

Z -Z 50 - 2000 2.65 20.0

Total 3.82 Each Axis

Axes are shown on Figure 1.

3.1.2 Random Vibration

Random Vibration is applied as follows for
qualification testing.

Vibration Frequency PSD Level Acceleration
Axis Range g 2/cps g (rms)
XY & Z 20 - 2000 0.07 1.8

Peak g = 3 times g{rms)

3.1.3 Shock
Shock is specified as follows for qualification
testing,
Axes Level Duration
X, Y & Z 50 6 ms
3.1.4 Steady State Acceleration
Steady state acceleration 1s specified as follows for
qualification,
48 g at an angle 20° to vertical axis for 3 min.
3.1.5 Acceptance Testing

It should be noted that each unit shipped to the customer
must pass acceptance tests similar to the above except that the g levels will
be approximately 65% to 75% of the values listed above. Therefore, the unit
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will withstand the environmental conditions expected during launch and flight
based upon the results calculated upon qualification test levels.

3.2 Load Determination

Inertial loads are induced in the instrument as the result of
subjecting it to qualification test environments:

{a) Sinusoidal Vibration

{b) Random Vibration

{c) Shock

{d) Steady State Acceleration

The inertial loads are applied to the instrument parts
in proportion to their individual weights, and in a direction opposite to the
instantaneoud, local acceleraton.

The total force corr;asponding to the environments {(a),
(b), (c) and (d) is calculated in terms of acceleration, g. Table II shows
loads and g levels corresponding to the environmental factors as computed
below,

3.2.1 Sinusoidal Vibration Loads

The sinuscidal test requirements vary with the test axis.
The thrust axis has a different requirement irom the lateral axes.

For the thrust axis, the worst case would be a resonance
between 50 and 100 cps where an input of 30 g and an amplification factor
of three would require the structure to withstand a loading of 90 g.

For the lateral axes, a resonance between 50 and 2000 cps
would have a loading of 60 g due to an amplification factor of three and an
input of 20 g,

These values of g load, amplification factor and the
equivalent total force acting a 6.5 pound instrument are listed in
Table I1.

3.2.2 Random Vibration Loads

The amplification of any small part of the experiment
may vary over a wide range, from about 2/1 to 20/1. The amplification
of the unit as a whole should be low, around 3/1 as far as the primary structural
portion requirements for carrying the entire load is concerned. Random
vibration loads are computed on the basis of the following equation:

o3/
€r ~ z .fRZ

(Reference, Page 25, Eq. 32}
Note: The 3 is for peak g, which is specified as three times
}ihe rms g level
L}
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frequency in cps
Amplification factor
Power spectral density g 2/cps

I n

f
Q
zZ

This indicates that g is frequency dependent. The

resonant frequency is not known but a Safe assumption would be to place
it no higher than 400 cps for the overall structure.

Then: g, = Tf Q7

g. = —F—- (400) (3} (. 07)

g, 3\/132
g = 34 g peak

This value applies to all three {3) axes since the tes.
requirements do not change with the axis chosen for the random vibration
test. The value is listed in Table II,

3.2.3 Shock Induced Loading

The maximum inertia load corresponding a shock applied
to a sprung mass system often exceeds the level of the applied shock. In
the worst case, for a half-sine pulse the maximum amplification factor is
1.75. (Refl, Chapter 23, ppg. 1l thru 14 and 21 thru 23). Therefore, the
maximum g level corresponding to the 50 g shock pulse is:

S = 50gx1.75 = 87.5¢

This value is listed in Table IL,

3.2.4 Steady State Acceleration Loading

The loading induced by steady state acceleration is the
same as specified, namely 48 g, inasmuch as there is no amplification
involved. This value is listed in Table II.
3.3 Stress Calculations
" The basic structure is substantially a thin wall box with reinforced

edges, and loaded from within by its "contents”. Inertia loads resulting
from shock and vibration environments are effectively applied throughout the
instrument according to the weight/acceleration distribution,

Loads are assumed to be carried from the contents of the box through
side panels to the base and then through mounting feet and screws to the

spacecraft structure.

Side Panels are treated as buckled webs supporting diagonal tension.
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Forces are transmitted from the instrument base to the vehicle structure

by tension and shear of the mounting screws and by contact force, and friction
force of the mounting feet. ’

The analysis treats primarily, strength of the side panels and the
mounting feet and screws.

Natural frequency of various members is also computed.

3.3.1 Instrument Attachment Stress Calculations

The unit is attached to the spacecraft by (5) 6-32 screws.
For the present purpose it 1s as sgumeci that the screws are installed to 10
inch pounds torque and further that the material is equivalent to titanium
(eg. Ti - 8 Al - Mo -1 V) with a yield strength of 120, 000 psi: (Ref. 4,
pg 51, table I).

3.3.1L.1 The clamping force of the screws may then
be found from:

Ts

T, ~ torque (10 inch pounds)

D ~ nominal screw diameter {(.138 inch)

K ~ torque coefficient (. 2) (Ref 3, pg. 20}
- 10
P = (.2y (.138

P
8

362 lbs.

The axial tensile stress, G";, in 2 6-32 screw with 362
pounds axial load is:

P
_ 5
o= 52—
where A~ stress area of screw (., 00909 inches squared per Ref.
3, pg. 17, Table Ii).
_ 362
therefore 77 = 00509

0\—; = 40, 000 psi

Clamping force and clamping stress are used in the
subsequent sections for further calculations.

3.3.L ‘7{ Thrust load Screw Strength

; The maximum inertia load applied to the units
along the thrust axis is ]Zsted on Table Il as that resulting from sinusoidal
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vibration, namely 585 pounds. This force is applied, effectively, through
the CG. Imasmuch as the CG of the instrument mass very nearly coincides
with a vertical line through the center of the bolt pattern, the load is divided
almost equally among the mountmg screws., The load per screw is there-
fore:

PT = %gi = 117 pounds
Stress, U sc, in the screw is:
Jsc = —% (observe alignment)

v
075¢ = 55909
G’sc = 12,900 psi

Initial tightening produces 40, 000 psi stress, consequently
the safety factor keeping the joint from opening is:

40,000
S.F. = 13500
S.F, = 3.1

This value is listed 1n Table 1.
3.3.1.3 Lateral Load Screw Strength’

When the input shock is along either of the
lateral axes, the screws are subjected to both shear and tensile loads.

I

Tension Load

The screws are in tension under lateral
shock loading. The worst case is when the load tends to pivot about the
edge that has three mounting screws and the other two must react to the
load.

E
*\\[\\‘\\\\\,}\\

Figure 2.
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z ME = 0 (Equilibrium of moments about édge, E)

(6.5 pounds) (87.5 g) (3 1/4 inch) -
{6 5/8 inch) (2) Py, = 0
6.5 (87.5)(3 1/4)

Pp = 6 578) (2)

Pr

The screw tensile stress required is:

O_J - 140
R . 00909

140 1bs,

O‘E’{' = 15, 400 psi

which again is less than 40, 000 psi (screw preload stress). The safety factor
- preventing the joint opening is then:
40, 0600
S. F, = IS’ 266 = 2.8

This value is entered in Table I.

Shear Stress

The shear load for both axes is the same 1if the
center of gravity of the unit coincides with the centroid of the mounting screw
pattern., Maximum lateral g loads are found in Table II, The shear load
induced in each screw by lateral shock is: )

_ 87.5 (6.5)
P, = — 3
P, = 14 pounds/screw

The corresponding shear stress is:

5. = 114
S ~ .00909
Sg = 12,500 psi

This value if shear stress is used below along with the axial tensile stress
to determine if maximum combined stresses.

Combined Stresses

The maximum shear and tensile stresses in
the screws are computed on the basis of combined stress. The values of
shear stress, computed above, and screw clamping tension, computed in
Section 3.3. 1,1, are used to compute the maximum tensile and shear stresses
to which the screws are subjected. Values of shear and clamping tension
are combined as indicated in Reference 5, {pg. 90, Table II, Case 3)
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to provide values of maximum stresses. Thus, the maximum tensile stress,
a'lna is: . e .,

— 2
_ \(‘-’t) 2
=z NG s

(/"E’rv axial tensile stress (40, 000 psi)

SS ~ shear stress (12, 500 psi)

g = 40,000 \//40 000) + 1z, 500) 2

n

it

8

= 20,000 +—\_/4—x108 + 1.56 x 10

= 20,000 + ‘\/5.56;:108

= 20,000 + 23,600

43, 600 psi

1]

“n
The safety factor corresponding to 43, 600 is:

_ 120,000 _
S.F. = “fzlesg = 2.75

This value is listed in Table 1.

Similarly, the maximum shear stress, SP’ is:

f
="\ 4. x10% + 1.56 x 10°

\/;.56 x 108

23, 600 psi

2
:\/[4032000J + (12, 500)%
8

5

0]

P

Inasmuch as shear strength of metals is characteristically greater than half
the tensile strength, the yield strength in shear may conservatively be figured
as 60,000 psi. The corresponding safety factor is :

_ 60, 000 _
S5.F.= m = 2.54

Which is listed in Table 1.
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Shear Tear-Out Calculations

The screws tend to pull out through
t of lateral shock. Figure 3 illustrates the

Tﬁunf

critical areas involved:

RITIC AL
ALELAS

',‘,

A8 DIA -

Figure 3

_Relative motion is resisted by (1) friction
forces between instrument mounting feet and mounting shelf (2} friction
forces between instrument mounting feet and the underside of the screw head,
and {3) by bearing of the screw on the hole. It is the force exerted by the

screw on the hole that produces the stresses tending to tear along the
critical areas.

The friction force is computed on the basis of
a coefficient of friction, p, which is'taken conservatively as 0.2, The friction
force, Ff, then is found from the familiar relation:

F¢ = uN (for each friction surface)

where N~ normal force.
1]

The normal force is equal to the clamping force

of the screw, 362 pounds, as obtainedin 3.3.1.1. Thus, for two friction
surfaces:

ZFf = (2) (.2) (362)

ZFf = 144 pounds
The strength of the critical areas loaded in
shear is the allowable stress times the area.

The aliowable shear stress is taken as half the
tensile yield strength. For Magnesium ZK 60 A-T5, the minimum tensile
yield strength is given in Reference 4, (pg 41, Table II) as 38, 000 psi.

Half of 38, 000 psi is the shear yield strength Srr=1 19, 000 psi.
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/7
The critical area is taken from Figure 3:

A [{.16-}- .16) - .182](.055)

cT

n

Il

(.138) {. 055)

. 0076 inch 2

]

The maximum force, Fcr’ allowable on the critical areas is:

F =S5 _A
cr m° cr

{19, 000) (. 0076)

1l

144 pounds

Combining the hole strength with the friction force gives the resisting force,
Fm, available at each hole:

Fi = F + F
m cr f

= 144 + 144

F = 288 pounds
m

Table II shows maximum laterally applied load is 569 pounds. Of this,

each screw bears shearing force, Fal : P
Fal = -E%i)_
Fal = 114 pounds

The safety facto;, therefore, associated with pullout strength is:
s.F. = 298
S.F. = 2.52

This value 13 listed in Table I,

Note that when the pullout tendency exists on
holes along one side of the instrument, the forces on the opposite set of
holes are in the other direction relative to the foot thereby preventing possible
tear out failure.
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3.3.2 Housing Load Calculations

_ Inertia loads, generated throughout the instrument are carried
to the mounting feet primarily through the housing.

The housing’s strength derives principally from the side
panels. Each panel develops high strength in diagonal tension after buckling,
as discussed in Reference 6.

Since the wall thickness is determined by fabrication and
handling requirements, it has been shown considerably stronger than necessary
for environmental exposure. Consequently an exact analysis has not been
attempted here,

For the purpose of the present approximations, the housing
is treated as a thin walled box. I.oads are transferred from the contents
to the "front'' edges of the side panels as indicated by the distributed force,
P, in Figure 4a, through the front panel and the contents themselves. The
applied loads are inertial and are assumed to be uniformly distributed
throughout the box representing the housing. This loading condition corres-
ponds to uniform weight distribution and uniform instantaneous local accel-
eration and is used here as an approximation of actual conditions.

The above loading produces uniform, linearly distributed
force, P, which is reacted by diagonal tension, T, in the side panels and
which in turn introduces vertical compression in the corners, C, as indica.tqd
in the free body diagram of a portion of the front edge, Figure 4b.

Figure 4c, illustrates the forces acting on an element of
the reinforced corner. Applying static equilibrium Tequirements to this
element yields force and stress relations among T, P, and C:

where P ~ load per inch of height

C ~ compressive force in edge

T ~ tensile stress in side panel

z Fyy = 0 (Equilibrium of horizontal force components)

Py = tT cos ) dx

P = tTcos Q

where t ~side panel thickness (. 015 inches}

9~direction of tensile stress T taken as parallel to
diagonal (450 with edges).

x~distance from top of box along front edge

Againreferring to Figure 4c:
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z fv = 0 (Equlibrium of vertical force components)

(C+ 4dC) - C =th1n§dx

FCm fh
G = ¥4dC = t T sing / dx
mx ;
o )
C = tTh sin ]
mx
where ~ h~height of side panel (6 inch)

Cm;; compressive load at bottom of front edge. (pounds}

Combining (1} and (2) yields an expression of me in terms of loading P
and the geometry:

C = hPtan ~ {3)
mx

Load carrying capacity may be limited by either (1) tensile
stress, T, in the side panel or (2) by compressive stress resulting from
me at the base of the corner or by (3) buckling of the corner postas a column.

Since all corners and panels are similar, the strength of
a typical corner 1s figured.

3.3.2.1 Tensile Stress Limit in Typical Panel

Tensile stress is limited by the yield streagth
of the magnesium side panel, 38,000 psi. The tensile stress developed in
a panel is given by equation (1}, rearranged:

_ P
T =3 cosZ
where P is at most one third of the total lateral inertia load (since at least
three panels provide reaction) divided by the height h, of the equivalent
box. P is computed first. 569 pounds load is used as the maximum lateral
force given in Table IIL,

b . 569
{(3) (6)

P 31. 6 pounds/inch

Knowing the value of P, the tension)T‘, in the side panel is then:
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T {31. 6)
(.015) (. 707)
T = 2980 psi

The safety factor corresponding to tension, T, in the side panels is therefore:

This value is listed in Table I.

3.3.2.2 Compression Stress Limit of Typical Loadead
Housing Edge

Maximum compressive stress results from
C and occurs at the bottom of the corner post. It is equal to:

mx

avc = =
C
Where Ac ig area of the reinforced corner:

A
c

A
C

(.38) (2) (. 06) (Sée Figure 4b)

. 0456 inches 2

and me is given by .equation (3):

me = hPta.n§

= (6) {31.6)

C..x = 190 pounds
and, therefore:
_ 190
o T 0458
g = 4170 psi ]

The corresponding safety factor is:

S.F, = '33,:_(1)‘70?7 = 9.1

This value is listed in Table L
3.3.2.3 Stability of Housing Edge as a Column

] Corner stability in compression is considered
next, The force tending to buckle the corner area is me. It is distributed
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along the front reinforced edge. The corner areca approximates a column
with built 1n ends owing to the constraining cffect of the top and bottom
intersecting edges. A conscervative stability estimate results from taking the
maximum compressive force, C‘ ? which in fact exists only at the bottom
and considering it to be applicd e top. Reference 5 (page 305, Case 5)
provides a basis tor computing the buckling strength of such an element,

The cross scction of the column 1s an equal leg, 900 angle, .060 inch

unch wath legs of . 38 1nch length. The dimensions are shown in Figure 4,
The expression for critical load is:

b . AT°EI
cr 2
h
where, E modulus of elesticity (6.5 x 10"6 psi)

I  moment of inertia of the angle (2.92 x 10"% inch 4)_

h  height of box (6 inches)

b . (4)(9.86) (6.5 x10°) (2.92 x 107%)
cr 36

H

2080 pounds
cr
The corresponding factor of safety is therefore, at least:

PCI'
S.F. = C————

5.F., = 10.9
This value is listed in Table 1.
3.4 Natural Frequencies of Structural Members

Calculations were made to determine the resonant frequency of
various structural members of the instrument. The equation used is:

B Kh

where: f, = natural bending frequency (fundamental mode} cps
b = side length (short dimension) inches
a = side length (long dimension) inches

h = plate thickness
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The method and equations are taken irom Reference 7, Pgs, 139-141.

Back Surface, Center Web and Front Plate

Note: Effect of center screw is neglected in back,
L.exan and power supply in front also neglected.

a

b

It

6.5
6

All sides clamped - Figure D(Reference 7)

b _ 5 _
= © 55 17
K = 27
. _ Kh
f, = 9600 —
Assume h = . 040
‘F _ 9600 (27) (. 04)
n - 52
?n = 415 cps
Side Areas
One is 3-1/2" x 5", and the other is 3" x 5",
Assume a = 5
b = 3
boo. 3
a 5
-F = 9600 Kb where K = 26
n 2
b
_ 9600 (26) (.04)
1Cn - 32
'Fn = 1110 cl?s
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a = 5
b = 3.5
b _ 3.5 _ 7
a 5
]0 = 9600 Kh where K = 27
n 2
b
9600 (27) (:04)
3. 5%
= 844 cps

Harness Cover Effects of Screw and Stiffener Neglected.

a = 6,510

b .= 6.250

h = 0,040

b _ 6.250 _

= = &m0 - -9

Pn = %—0205—}1 where K = 14, 26 (edges simply supported)
b
9600 (14.26) (. C4)

6. 250°

b

Resonant frequency of the Front Cover

140 cps

Resonant frequency of the front cover is computed using
the Rayleigh Method as discussed in Reference 8 (pgs 63 & 89). Static
deflection 1s from Reference 5 (pg. 203 case 37).

Assume cover is 6, 5% x 6, 0' and 0. 040" thick magnesium.
Assume the suspended parts weigh 1/2 pound and are a point load at the
center.

0.203 Wb2 (m?-1)

Y -—
max m?EE (14 0. 462 %)
w = 1/2 Ib.
b - 6"
a = 6, 5"
o = P

a
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oL = 6_65 = 0,925
t = 0.040"
m = —-—i = =hee "= 3,33
2 = 1.1
.6
E = 6.,5x10

. 0.203(0.5) (6)° (11.1 - 1)
max 111 (6.5) 105 (0. 04)3 [1+ 0. 462 (0.732)]

_ ~0.203 (0.5) {.36) (10-1)
11.1 (b.5) 10° (64) 10'6[1. 338]

Y. = -0.00597
1
f = —_— B
27T N Yonan
e o 1 386
= Zz77 \/0.00597
f = 2',%* V 64800
{
£ = 222
T
f = 40.4 cps

Note: No credit given to stiffening of the Lexan.
Resonant Frequency of Foamed Blivet

Effect of Foam

/6000 X are ca.ta.!og data for Eco-
/ Foam. It is proposed to
use the foam at a density
of 2 to 3 lbs/ft. 3 for which
8000 modulus of elasticity data

is not included in the catalog.
230 k- - =~

o | 70 Assume foam 1s 0, 55 thick
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. _=0.0284 wb 4

Y
max g3 (14 1056 )

Et3 is essentially a moment of inertia type term.
Since this now becomes a composite type of section an equivalent moment

of inertia term must be found

otiss
&

£ =35% /0S5 _ , f
% E=Ex/0" o %.5"5
r Ca VAR y

FIGURE 5

>

If no bond exists between the foam and the epoxy-
glass, the Et” products become additive.

~0.0284 wb 4

Y -
max [Eltl?’ + E2t23] (1+ 1.056°)

See Paragraph where resonant frequency without foam is calculated.

w = 0,0113
X = 0.719
b = 2.3
X%z 2.3
, ) -0. 0284 (0, 0113) (2.3)*
ma.X [(3. 5 2 10°) (0.01)° + (2 x 10°) (0.55)3][1+1. 056 (0. 192)]
-0, 0284 (0.0113) (2. 3)4
(3.5 + 332] [1.203]
-0.0284 (0.0113) (28)
1335.8) (1. 203)
v = 2.24x107°

max



The resondhtfrequency

d_alg
2T VA
1 _\/ 386
el 2.24x107°
1 6
T '\/17. 25 x 10
3
10
5= (4.15)
661 cps
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The ARC Plasma Probe shall have adequate heat transfer
characteristics such that the internal and external heat load is

dissipated within the requirements of the instrument specification
after launch. The following calculations show that the instrument
does satis{y the requirements. Refer to NASA/ARC Interface Specifi-
cations PC-121.00 and PC-121.01 and Marshall Laboratories TN 3000,

2.0 HEAT TRANSFER CRITERIA
The experiment is mounted on a shelf which 1s maintained at

60°F = 30°F. Radiation existing within the space probe will be to and
from surfaces at 600F =+ 309%F. The emittance of these surfaces in the

infrared range is 0.5.

The experiment will have a small portion exposed tothe sun's

368.

energy. The heat received is listed below (assumes perfect black body}:

Table I

Sun Thermal Heat

Distance from the sun, A.U.

Energy gains and losses.

Watts per square inch of
opening. i

0.188
0.0305
-0.055

Note: Positive numbers indicate net flow of energy into

spacecraft.
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The allowable heat load on the mounting shelf shall be the
algebraic sum of the internally generated energy of the experiment
and the net absorbed external energy and shall be:

1. Not less than -1.0 watts per instrument, or

2. Not greater than 0.2 watts per square inch of the
mstrument mounting area.

The maximum allowable instrument internal power dissipation
1s 3 watts with the instrument mounting area of 44 inches 2 and the
instrument area exposed to incoming radiation being 8.4 inches 2

30 CAL.CULATIONS

Using the known heat transfer requirements and expected thermal
loading, the following tabular calculations were made to ascertain the
heat loading upon the instrument shelf.

Heat 1n or out Internal Power Watts
from sun watts » Dissipation Watts z InchesZ=
2 [44
0.188 (8.4)= +1.58 3.4 +4.98 0.114
0.0305 (8.4)=+0.256 3.4 +3.656 ) 0,083
-0.055 (8.4)=-0.462 3.4 +2.938 | 0.0667
Table I1

Heat Transfer Calculations
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4.0 CONCLUSIONS

It should he noted that in the heat transfer calculations, an
emittance of 1 was assumed for the surface receiving heat from the
sun. This 1s a2 worst case for both the plus and minus conditions.
Since the calculated values are well within the specification require-

ment (X 2-1.0 watts; '_EA £o0.2 watts/inz) no special efforts to control

the emittance of the surfaces should be required.
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Shroud Heating Analysis



SHROUD HEATING ANALYSIS

3.0 DISCUSSION AND CALCULA TIONS

3.1 Purpose

The objective of these calculations 1s to determine if any
portion of the experiment will be damaged from "'shroud'' heating during
launch, In this experiment of the most temperature sens1t1ve element
may be permanently damaged if a temperature of +85°C (+185°F) is
exceeded.

3.2 Shroud Temperature Curve

The heat comes in the form of radiation from the shroud
{1t 15 assumed that because of altitude, convection may be neglected).
The time temperature history of the shroud in the region of this experi-
ment 15 ploited in Figure 1.



. o,
Temperatwm e (O F)
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Time from Liftoff (Seconds)

Figure 1.

Shroud Temperature Curve
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3.3 Area Exposed to Shroud Radiatic

The experiment is mounted wath
The shroud radiation, the rest bein
tis assumed thata 1/2
tne skin,

ly a small arca exposed to

g shieldew 0y the spacrcraft's ocuter skin,
inch clearanée exi

sts between the experiment and

=— Experiment

Figure 2. Instrument Mounting



ML/TN 3000. 394
Page 4.

3.4 Arca Receiving Radiation

The area bewng calculated perpendicul - to the radiation
with the 25 1/27 taken into account and based upoi- .ae dimensions of

drawing 514438,
. Skin-—-.\
5
-

Shadow
Dir ectly__L\ [—
Exposed il

L / '

Radiation ~—Skin

Figure 3. Area Receiving Radiation

Area =(l.22 x 3. 12)+ 2(.1:222J (0.75)

+7w (1.56) (0.75)
=3.8 + 0.915 + 3.67
= 3.385 inchesz

=0. 0583 feet”

3.5 Approximation Criteria

The safeness of the design will be proven i 1t can be shown
that the hottest spot in the experiment, which must be the surface receiving
the Sad:at:.onofrom the shroud, is always below the crifical temperature of
+85°C (+1857F).
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3.6 Thexymal Conductive Path Calculations
The {ollowing calculations were made to find the "thermal

resistance'’ of the conductive paths of the instrument to dissipate the
snroud nheatng radiation: '

Taru Cover - Material AZ 31B - H24¢ sheet 0.040 inch thick,
Plated on both s1des with 0.00l inch thick copper
0.001 inch thick sxlver
0.00005 inch thick geld -
mean nath length 4.5 inches  (scaled from

mean path width 3.3 inchs drawing 51148)
Thru Housing -

mean path length 3 inches
mean path width 6.5 inches
mean path thickness 0.020 inch

Thermal Conductivity (k) (P. A, -1, Ref.)
Magnesium 92 BTU/Hr Ft° (°F/Ft)

Silvex 238

Copper 224

Gold i69


http:condac.ed

= or
L
o = £ T where L ¢f oe thought of as an
+ FRN KA ,
A " analogous thermal resistance,

- b P
ang Weh vTed

ad as a series~parallel circuit where the resistances of the

cover will be in parallel with each other (base metal plus plating) and will
be 1n series wiih the housing.

Cover

Magnesium -

A 0-040a{3.3Ft2
rea = =
12
Length = %__D.
/
L _ 4.5 UZZ)
KA RY {0. 0407 (3. 31 92)
L
Y = 4. 46
Copper =
Area = (0. 0012} {3.3)
12
4.5
Length = <=
3
_ 4.5 122!

Y (‘O. 002) (3.3) (224)
36.5

;‘{t- ?QIH



Silver -

(0.001) (3 3)

Areca =
12°
. as
J.;engtn = —l-é-
,
L _4.5 (129)
*A 12 (0.002) (3,37 (238}
L = pa)
= = 34,3

otal Resistance for the Cover

]

N L 1 1
e T N N or
R Total Rl RZ R3
1 ! 11
R Total =446 Y I5.5 T 3.5
L

L = (0,224 + 00,0274 + 0,029
KA

1

N = 0. 2804

A~

1.

k& Total = 3,57

Cover



Resistance for the Housing

Magnesium -

i IERN (V)
A 12 (0.020) (0.5) (92)

—

3.01

i

L
b

Copper -
L 3 (122)
<A 12 (0.001){6.5) (222)
L
- = 24,7
Silver -
L _3 (122
<A 12 (0. 0017 (65.7 (2387
= = 23,3
: ] ]
= 1
L = + +a
A Tota 3. 01 24,7 23. 3
Housing

= 0.332 + 0.0405 + 0,043
0.415
2.41

H]

il


http:kA"7=3.01

Resis

tance for the Housing and Cover in Series

3.7

e
t
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e
et
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—
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£
ort
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s
ot
la]
o}
W

temoeralure Jor the cover, calculatu‘m the radian:

ed by assuming a
energy received

at taat tumpcraiure and also calculating the heat conducted to the
raouniing soe.f from the cover at that samme temperaiure.
TZ - T3
g = . Conduction
KA s
CaN LN e N 4 4 .
= &) O(F, (&5 -1 Radiation
q &) ) Fag O - 5 g

A = Area (th)

F,» = Shape and Emassivity Factor
AE
¢c—= Stefan-Boltzman Constant

o= 0.173x 10" 8 BTU/Hr Fi4©

q = Heat Transier Rate BHT;U

R

~ \
Teo find FA"" assume the emissivity of both surfaces = 0.9
)

and treat as essentially two parallel surfaces.




Hf

_ 1
AE 7 1 7T T

.97 0.9

5
e

AR T IT ¥ T.IT 71

13 = L
AR T 177z
FAE = 0,82

ama (5 - 1)

q = {0.0583) (0.173 x 10~8) (0. 82) (Tl4
for T, =295°F = 755°R
q=83x10"! G,zoo x10% - T24>



-

5. T L 3200 x 10°
FA ) Z 4 4 '
1 - T .mF |
, °x 1 °R 2 2 I q(BTU/Hr)
Pog0% v 530 500 x 108 2.30 x 10t | 19.1
]
’ 1
i
©o10% L 70 1050 x 10° 2.15 x 101} 17. 8
E R
P30 590 1250 x 10° 1.95 x 10} 16.2
_ A0 . 3 g 11
150 610 1400 % 10 1.80 x 10 14.9
;
i
170° ' 630 1550 x 10° 1.65 x 10+ 13.7
i
!
190° | 450 1800 x 10° 1.40,% 101} 11.6
TABLE I

Radiation Tabulations




g = 2 ~ 3 Conduction
_A
T, - T,
¢ = 2 3
5.98
T, - 90
q = -
5.98
A n -
i L ] 1 - 90
| of | T, - 90 g~ = aConduction)
T 0 0
1
it ii0 | 20 3.35
!
130 40 6.70
i50 60 10. 05
170 80 13. 40
190 100 16.75
210 120 20.10
b 230 140 23.40
TABLE II

Conduction Tabulations




was made from the conduction and radiation calculations

ot
ne maximum equilibrium lemperature at which the instrument
cted to during launch. See Figure 4.

Tt

From the nlot of conduction and radiation, the maximum eguilibrium
temperaiure is 7 176°#. This is below the temperature (4 lSSOF) at which
varicus components used in the instrument would start to be affected by the
zerodynaraic aeaung during launch of the space vehicle and, therefore, no
additzonal testing 1s reguired to ascertain the instrument's ablllty 10 withstand
the shroud heating effects.
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APPENDIX I

GSE Circuit Analysis



Integrated circuits are used extensively in the GSE fo improve system
reliability. Marshall Laboratories standard modules are used for
oscillators, drivers, infterface circuits, and other special purpose
applications for which there are no integrated circuits readily avail-
ahble.

Individual integrated circuit flip flops are used for all flip flop appli-
cations 1n the Simulator unit. These devices are Texas Instrument
Corp., 7300 Series networks which have the following basic charac-

teristics:

Power Supply - 3to4vdc
Maximum Toggle Rate - 4 mhz
Fan out - 10

Noise Margin - 300 mv
Cutput Impedance - 50 ohms
Average Power Dissipation - 40 mw

The monitor and control unit utilizes a family of integrated circuit
boards manufactured by the Computer Logic Corporation. These
boards utilize modified Fairchild logic flip-flops and Texas Instrument

7300 Series gates. The flip-flops have the following basic character-

istics:

Power Supply - 40V + 0.2V
Maximum Toggle Rate - 2.0mhz

Fan out - 30

Noise Margin - 1.2V

Output Impedance - 120 ohms
Average Power Dissipation - 132 mw

Since all integrated circuits used are standard, off-the—shelf purchased
components, no detailed circuit analysis will be performed on these
elements, Worst - worst case (worst case tolerances with end-of-life
values imposed) analysis for each of the ML designed modules used in

the GSE is provided in the following paragraphs.



WORST CASE ANALYSIS FOR W4193 ONE SHOT MODULE

Schematic W4193 Module

B

I

Torn on

H

Turn off:

Turn on'

{(Q,)

GRED
O EXTC
One Shot Circuil
All dicdes are TL 01295,
For Ql and Q2 hft min = b {{for .worst, worst case = .5)
6 valts
6/18 x 10° = 334 pa =355 = 133
VT min - VBE max VIBE max - V‘b {1+ v
R, (14 y) R, (1)
Veo . Vp -9 max = YCO 5o
R,y (1+y) R, (1-~v)
TT min - VBE max VBE max - Vb (14 v)
RZ(I-I ¥) R1 1+ v)

‘1

Bl

B1



4-0.8 . 0.8-8(1.1) =1
100 {1.1) x 10° 27 (0.9) x 10°

3,2 + (-5. 4) > 1

110 x 10° 24.3 x 10°

B1

H

29 pa 4 195 pa = 13.3 pa

or 254 pa = 13,3 pa

Turn on: 4-0.8 0.8 - 6 (1.1) > 1
(Q,) -
2 43 (1.1) x 10

3.2 - 0 = 1
47.3 x 10°

B2

68 pa 2 I

Bl

IC(QZ) = 6/12 = 500 pa

. 500 _
P IBZ = --———25 = 20 pa

68 pa = 20 pa

Turn Off: Veo - Vp, 1-m ¥ -V

3 o0 =

(Q)) K TTFY) B, (1% V)

_ 1 - 61{0.9)
27(1.1):{10?

i o N
29.7 x 10°

= - 150 pa = I.po

ICBO = 10 pa:

150 pa = 10 pa

CBO



WORST CASE ANALYSIS FOR GSE SIMULATOR POWER SUPPLY

Marshall Laboratory Drawing No. 544901

>

CRION

O e [ J

spaorgy © i
2109
CRIO& 6.88
GIOG
24325
g g/oy * ! ,__if[j:l ;]{l’—'r\
NS A
f 62k |z |
N V4 .‘ N,
O u : 3 —
_LG:?JC’Q 1
SFEOM0
é./ Power Supply
5.9
8.8 2<
O- &
18/
Voltage at base = 357 40 = 2.4 volts
R 1.8 40 1.8 x 1,34 ma
C 1 ba = = = 30 pa
urrent in se 79 % 9. 71 79 A
I. = 80 x30 = 2400}:10"6 = 2,4 ma

C



LS VOLTS

45-9 = 36V
36
e =58

Voltage at Y

= 4 ma

45-6.5 = 38,5 volts

Voltage at 2 = 37.9 volts
o .
/4 45 -37.9 7.1
] 2 = —%3x = Bk - lme
&./ Y
5k // 43k =.90 ma through 5k Pot
SK >e - - Blk43
-—;i'-—g-—-— = 2. 45 k
& ev . » drop areas resistor = 2.45x 1 ma = 2.45v + 6,1
FLEY
(JL s
—

(-\

¢ S L
3 SNEESY
O—

A = Rf/Ri =

closed loop gain

30k
10k//43k

= 3.75

= 3.75

8. 550

TOK

ON



As first approximaltion:
current through 10 } = 150 ma
current through base of 2N1485 = 22 = 3 ma

current through the base of QI = —%p — = 50ma
voliage at base = 8.2 x3 = 24,6 volts

6

Current through emmitter = ———, = li4x 10”7
' 43 x 10 -

4

140 pa

This current is equally divided between emitter legs of the two
diff-amp transistors. -

Therefore current through each leg = 70 pa

Voltage drop across 200 k = 2x10°x7x107°
= 14 volts
Voltage ai point A = 38-14 = 24 volts

/,

:irops across Darlington pair: 1.2 volts (for both transistors).

Vs

.. Base drive = 30.6 - 1.4 = 29,2 volis

:a.Voltage atB= 29 volts
Maximum VBE drop of Q3 and Q4 = 0,90 volts

Minimum B = 156

NIra.ximum VBE of Ql and QZ = 1,3 volis

Minimum Vbe of Q5 = 1 volts at IB = 20 ma

o~

6.9 -1.3 = 53 = 130 ma

|

N

. . current through each emitier leg of Ql and Qz = —!—32-9 =65 pa

Voltage drop across 200k = 200 x 65 = 13,0 volts.



O—op g 0 —0

—Q
2N1485
rZ&
Z2N325|
10 _n_
O—¢6 NAN—
5.8 x ;—:% = 1.8v

I = 5,8/5.8 = 1ma

Assume B = 60 in worst case

Worst case IC(when transistor is saturated)

IC = 40/8.2 = 5 ma
5 ma
Iy = “gp— = 100pa
'Vl = 1.8 v
V2 = 1.8+ .8 = 2.6 volts
2.6 = 0.8+ IR
IR = 1.8 volts
1.8 = 101

I = 180 pa



Voltage al output = 44,6 =13 = 31.6 volts,

Voliage drop across Q3 and Q4 =
Voltage at base of Qg

Voltage at B

Current af base of Q5 = (65 x 10

29.6 -1 = 28.6V
-6

+ 14.8 ma

= 31.6 - 1.8

.9x2 = 1,

= 29.6

) (15)%

8

WORSE CASE DESIGN ANALYSIS FOR W4209 OSCILLATOR MODULE

c/ <2
—— 1
G Y
Qe Q&
] CR2
AT PR L, V83 K72
Y A ; __’;/I | .
00 2K /.
% Q7 Q| arcss 0K
A/ \rs S~ we Qe
O—h ) s zeex ¢
ks ST RE D R9 RO
/OO/( 62K 00K SCOK &.2K E2K
(7 %) _
I3
£ { & h & £
JEST o /oK
7EST O OUTEIT

Electronic Schematic Oscillalor



Voltage at Point A = 3 volis
Voltage at Point B = 3. 60 volis
6.0 - 3.6 2.4
I = el = ——-———-——3—' = 0.38 ma
© 62 x 103 62 x 10
_ 0.38 _

‘IB = -89 = 5 yna

Reference voltage at C = 3.8 volts

Therefore the voltage at the base of Q3 and Q4 is 3.8V,

Q, and Q5 act as the switching elements for ¢harging capacitors G1

and C, on alternate cycles, Q, and Q4 form the consianl current paths
for discharging capacitors G, and C,.” With 3. 8v at bases of Q, and Q4,

the capacilor discharge current is determined by VB } VBE oF

R

3.2 -.8 , = ,023 ma, Assurance C, is initially charged to 2 V
T129.4 k 5 ce

volts (QZ is Off, Q5 is On). CZ will discharge through Q4_ until point B
(QZ base reaches 5, 2 volts (VCC - be)' At this point Q, will {urn on,
causing a step impulse to 12 v through C1 to Point A to cutoff Q5.

With Q5 off QZOn, capacitor Cl will discharge through Q3 until it reaches
5.2 volts to turn QsOn, Q2 Off, thus creating the oscillitory condition

. - v
of the circuit, The period of oscillation is determined by t = c
1
where i = constantand V = 2V__ (V__ - V. ). For 1638 cps,
cc ' cc be
t = 30pusec, V = 6.8 volts: C = t/ni = 270 pi,
v
WORST CASE ANAIYSIS OF W4203 DRIVER MODULE
Bz+12Y
SP 242
Max V = 0.8v
BE '
O s f?ﬂ{azf
G & ‘ L2302 H, = 25 - 200
GED - M083 fe
-6;1_,[; THPUT Ver(sat) = 0. 2v

W6 %9//:, gac
<

With ground or negative voliage input, (21 goes off, Q2 is on, Q3 is off at the oulpul we get

a 12 volts signal. When input signal is positive, Q) and Q3 arc on, Q; is off and output is at
ground, ’




Turn on for Q3

0.385v - . 8 0.8 - 12 (1.1)

- = I
4.7 (1.1) k 57 (0.9) k Bl
0. 42 12.4 o
STk T F6.3K Ing
-. 00 . =
8 + 275 IBl
0.267ma 2 0.2 ma
Turn on for Ql:
4 - 0.80 12.4
27 T 1% )
3.2 12,4
> + 5 2,2 ma
0.145 + 0,695 2 ,.2ma
0.840 2 0,2 ma
Turn off condition S
VCO - Vb ( 1-b) F max - VCO
R, T+ V) R, (1 + )
1-10.8 (-2) -1 5
32 - 18 * Ico
"9-8 3 2
22 173 Ico
-. 445 ma + .166 = ICO
.28 ina = 7 10 ma.

— GL2N
91//55.7 = 35K

voltage at B

%g_ x11.2 = 4.55v
voltage at C
%-16 x 4.55 = 0.385 volts
p=d
Ieso



Turn off condiiion S

For Ql
Veo = Vp1-P) Vo oax - Voo = I 5o
Rl(1+y) R2(1+y)
1 - 10.8 o (=2) - 1 .-
2z 18 cO
"9- 8 + 3 2 I
¥ 18 cO

-~ 175 + .72 = 10 pa’
-.54 = 10 pa

Turn off for QZ,

Voo = Vo 1-v) Vpoeax - Yoo 2 1

R1(1+ Y) (1 +v) CBO
1-0 - 11.8-1 2 10 pa
0 84 k



Turn on for Q’Z

T min VRE max - VRE max V1:;(1 1 v) Ibl
R, (1 +v) R, (1 +v)
11. 8
llc = E-T = 1. 7 ma
_ L7

Ly =g~ = 8pa
11.8 = .8 _ .8-0 = 85 ya

57k 0

1

194 pa = 85 pa

RELIABILITY ANALYSIS

Spccification A10202 requirements rclaied to GSE reliability are
as follows:

Paragraph 31,2, 2.1 - Temperature The GSE shall be designed to
opcrate conlinuousiy over a temiperaiure range of at least 50°F to

1000F, " ’
i

Paragraph Bl.2.3.4 - Lifetime The GSE shall have as a design goal
an oporating life of 20, 000 hours with reasonable service and paris
replacement and shall have an overall possiblc lifetime of 10 years.

Paragraph Bl.2.3.5 - Duty Cycle GSE shall be capable of contin-
uous operation for 1000 hours within the anticipated ground environ-
ments allowing for battery charging only.

The following 1s a tabulation of the number of components urcd 1~

the GSE with the associated failure rates for appropriate stress
levels used in the design.



Item

atr
Ll

Item Descriplion Total Used Failure Rate/Item N. F.
JK Flip Flops {IC) 129 .01%/1000 hrs. 0,0129
Gates (IC) 57 .01%/1000 hrs. 0.0057
Clock Drivers (IC) 8 .01%/1000 hrs. 0.0008
One Shot 17 ’
* Transistors (7) 34 .01%/1000 hrs. 0.0034
* Resistors (7) 119 .0012%/100 hrs. 0.00142
% Capacitors (3) 51 . 008%/1000 hrs. 0.00024
.0014%/1000 hrs 0. 00002
Drivers 8
% Transistors (3) 24 .01%/1000 hrs. 0.10024
* Resistors {7) 56 .0012%/1000 hrs. 0. 0067
% Capacitors (1) 8 .001%/1000 hrs 0.0008
Oscillator 1
# Transistor (6) 6 .01%/1000 hrs. 0.0006
# Resistors (12) 12 ,0012%/1000 hrs. 0.00010
* Capacitors (2) 2 .001%/100 hrs. 0. 00002
Power Supply 1
#* Transisiors (8) 8 .01%/1000 hrs. 0. 0008
#* Resistors (18) 18 .0012%/1000 hrs, 0.0021
4 Capacitors (6) 6 .001%/1000 hrs 0. 00006
%+ Diodes (12) 12

Total Failure Rate 0.03849/1000 hrs,

Number 1n parenthesis gives number of components/modules.

On the basis of this data, the total GSE system failure rate is
calculated to be . 03849 per 1000 hours. Since MTBF is the reciprocal
of failure rate, the system MTBF = 26,000 hours.

The probability of survival for the specified 1000 hour period of operatio
is Ps = e -t/T

= e -1000/26,000 = e~ 0385

PS = 96,2%



These calculations indicate that the GSE design will meet the 20, 000
hour lifetime goal with a minimum of parts replacement and will
operate for the 1000 hour specified no failure period with . 962 probability



