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SECTION 1
INTRODUCTION

The DC-DC converter modification program required by NASA involved the incor-

poration of current limiting resistors into existing delivercd hardwarec.

The failure analysis portion of the program requircd failurc analysis and repair
of delivered hardware, manufacturing process and test procedure changes for

impedance pneumograph, and electrocardiograph signal conditioners.

The DC-DC converter modification program consisted of:
+ Design Data Package
. Modification of 5 DC-DC converters

. Modification of 41 DC-DC converters

The ZPN signal conditioner failure analysis program consisted of:
. Failure Analysis
+ Repair
« Manufacturing Process Changes and Test Procedure Changes for
Electrocardiograph Signal Conditioner and Impedance Pneumograph
Signal Conditioner
The contract was awarded to Spacelabs, Inc. in March of 1968; the modification
program was completed in December 1968; and the failure analysis program was

completed in January 1969,

The report is divided into sections, each of which discusses one particular aspect
of the program. The program chronology highlights program events and serves

to provide a brief overall view of the program,
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SECTION 2
PROGRAM CHRONOLOGY

The program chronology which follows is a narrative of the month-by-month
progress of the program. The presentation has been limited to a brief discussion

of the program highlights,

March 1968

The contract was awarded in March 1968, Immediately following award of the
contract, preliminary design data package work was initiated with major emphasis

on the required layout changes.

~April 1968

In mid~April, the design data package was delivered to NASA for approval.
Material procurement was initiated. By the end of April, purchase orders had
been placed for all necessary parts and material. Eleven GFE DC-DC converters
had been received at Spacelabs, Inc, and functional testing of these eleven units
had been completed. The analytical analysis of short circuit output conditions on

the modified DC-DC converter was initiated.

May 1968

The eleven DC-DC converters received and functionally testcd were modified to
incorporate the current limiting resistors., Five of the modified units had pro-
gressed as far as PDA testing. A CEI cleaning specification was submitted to

NASA for approval. The analytical analysis .,f short circuit output conditions was

continuing,

June 1968

The analytical analysis of short circuit output conditions was completed and

delivered to NASA, Fifteen reworked converters were shipped to NASA,
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July 1968

Five GFE DC-DC converters were received, reworked, tested, and shipped,
Scheduled receipt of GFE equipment was now behind schedule by 25 units, A
revised schedule of GFE DC~-DC converter delivery was requested in order to

establish a program completion schedule.

August 1968

Eleven GFE DC-DC converters were received at Spacelabs., On August 27th, ten

DC-DC converters (S/N's 021-030) were reworked, processed through PDA testing
and shipped to NASA.

September 1968

On September 20, 1968, five units were shipped. Two ZPN's were returned to
Spacelabs for failure analysis and repair. Failure analysis was conducted and
repair of units was held up pending receipt of signed contract from NASA, Cor-

rective action incorporation was initiated and incorporation into current Contract

NAS 9-7937 was made effective.

October 1968

A total of 47 GFE DC-DC converters was received at Spacelabs. Forty-two had
been reworked and shipped to NASA, four units were received with damaged con-
nectors, and one unit was received with intermittent -10 v output, Further rework

was held up pending disposition from NASA of the damaged units,

" November 1968

Disposition was received from NASA regarding the additional units. Rework was
initiated on the four GFE units received with damaged connectors. The one GFE

unit received with intermittent -10 vdc output was to be returned to NASA as

received.
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December 1968

Six DC-DC converters were processed and shipped to NASA, The one DC-DC and

the two ZPN repairs were held pending receipt of signed contraect modification,

January 1969

The required contract modification was reccived from NASA., Repair and test of
the two ZPN's was concluded and they and the one intermittent ~10 v output

DC-DC converter were shipped to NASA,
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SECTION 3
DC-DC CONVERTER MODIFICATION

Drawing No., 104848 (Appendix A) represents the physical layout of the
design modification incorporated in Block I and Block II, DC-DC converters.,
This modification incorporates the 10 ohm 1/8 walt resistors in series with the

+10 volt and ~10 volt output leads,

The modification incorporated into the DC-DC converter resulted in performance
changes as listed below,

1, Output Ground

All units were modified to Block I grounding and shielding requirements,

2. Output Voltage

Output voltage regulation increased from + 10,0+ 0.1 vdc to + 10,0 v

+ 0,100, - 0,400 volts d.c. under load variation.

All other performance and mechanical requirements remained as originally

specified,

PDA data sheets reflecting the parameter tolerance changes are included as
Appendix B, The rework procedure and operation instruction sheet are also

included in Appendix B. ’

An ainaly'sis of d. c. short circuited output conditions of the modified DC-DC con-
verter is included as Appendix C, This analysis demonstrates, analytically,

that the incorporated modification will not result in any converter component part
being electrically or thermally overstressed due 1;0 a short circuit condition
existing at the converter output. It additionally demonstrates that upon removal

of the short circuit condition, the converter operation will return to normal.
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Also included in Appendix C is a copy of the drawing list for the modified

DC-DC converter.
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SECTION 4
FAILURE ANALYSIS AND REPAIR

Two impedance pnecumograph signal conditioners were returned o Spacclabs for
failurc analysis and repair. The two units were originally manufactured under

Contract NAS 9-4022,

. ZPN S/N 013, P/N 103080
. ZPN S/N 009, P/N 104230

Evaluation of failurc analysis rcsults indicated incorporation of the following

listed corrective actinm items:

1y

Items A through D are applicable to the ZPN signal conditioner.

Items A, B, and D are applicable to the ECG signal conditioner,

Action Items A, B, and D were incorporated to the ECG in procer * procedure due
to the similarity of the modules and the possibility of the same occurrence in the

ECG.

A, Sleeving of Connector Leads

This was instituted as a precautionary measure to climinate the possibility

of shorting of connector leads to any other point within the module.

[ 4

B. Module Potting IMixture - Modification

This item was incorporated to reduce the pressure exerted on the module

connector during the potting opecration.

C. PDA Test Procedure Modification - Electrode Isolation Test

The test was incorporated to provide for detection of presence and magni-
tude of any d.c. level which might be present between either electrode "A"
or '"B'" and power common.

.
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D. Receiving Inspection Procedure Potentiometers

This procedurc was modified to increase potentiometer cycling require~
ments from two cycles to twenty cycles, One cycle to consist of cw

rotation until occurrence of cw clutch actuation, and rotation ccw to ccw
clutch actuation. During cycling, wiper action to be monitored for evi-

dence of discontinuity.

S/N 013, P/N 103080

A. Problem Area

+ 8.0 vdc level present on electrode "B!,’

B. Analysis Results

Internal short circuit condition existing between regulated + 8.0 vdc line

and electrode "B" lead. '

C. Corrective Action

Noted under Items A, B, and C, Page 4-1.

S/N 009, P/N 104230

A. Problem Area

Dynamic output could not be established at required level,

B. Analysis Results

Defective gain potentiometer. Wiper breaking contact with resistive

element. i

C. Corrective Action

Noted under Item D, Page 4-2.
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Spacelabs, Inc.

VAN NUYS, CALIFORNIA

3.2.9 Random Vibratioaneata
3.2.9.1 Preliminary Preparation

Performed by Date
3.2,9.2 Detailed Procedures »

Performed by Date
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List of Test Equipment for 3.2.9.1 and 3.2.9.2
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1. INCONING TP U CTION &

a, Inspect eac’h module in the 8" ipping conlainer
for any evidence of darnage sustaine? during ‘ransi:
ny evidence of darnage is8 cause for rejection, '
rejection report (Cpacelas form 3I77-101) will Le
ma‘c ont inmmmediatel and sunitted to the Tualily

‘“ssurance ! ‘arager for review and cusiomner
notification,
NCT <: Do no!. remove dammaged uaits fron the
s :ipping packaze; Do not cispose of any of the
packaging material, 3Jecure all rejec’s in the M7
calxinet,

‘ b, If tuere is no . evidence of shipping damage re=~
rnove all paclaging and examine eaci: unit for the
followinn:

| BV :
': oA . S
| g i o] 1s Mamerlate intact and serial avmber matches
‘ up wita shipping documnents,
2, Damare to case of connector,

| c., Check equipment logs received with uaits for
correcitness (serial nunher, 11°.SA 772 entries,

: etc,) and enter a record of the incoming inspection,

!, d, Malke out a "GTFTP'" la™el or tag for each unit and
permanently attac™ it to t:e unit travel Hox, ;

i : e, "ecord part number and serial no, of unit to e

i r(.wor?ed alcm" with job aumber and dite in the
upper lefi-hand corner of this operations s'eet,
f. Compleie columns 1 thru 4 on the DT-DT Time

Converter 5/17 control loz sheet

g. "oule to test area for functional testing, =

2. a, Perform Acceptance Test per Dwg 103117
fLev paragraphs 3,2,5, 3,2, 3,2,7 and

l I:’:; . s 8 0
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(cont, -~ page 2)
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PESCRIPTION

Necord all Jata as requirecd on Data Sheet Dwg, No,

(cont) 103112 (Elock I) lNev or 104244 (2lock II)
Rev, as applicadle,
b, Indicate accept or reject Ly placing ©°C stamp
. - ‘ . wttadbn 3 . . 5 s 8
in the appropriate colunn for cach test, Yate
¢, Noute vait and data shects back to " eceiving i
"‘ . KVAmyve ,“l‘lfa.
3 ' .‘..i
L s B0l o
. B “omplete colunns 5 and 5 of DC~-DC Converter
S/ control log,
(s ! triny, | Tile data sheets with unit data package
Ly e »
4. Jecure unil in Tonded Trores, Do not remove unit |Da.e
fron to'e box wlile in storage, -
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p e e e

Accepted
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Draw unit from T onded “tores
Issued Dy
Date
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Inspector
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o s e+ e —

— e C— e — e ——— ——

Ternove case {rom pottea electronics by using
#62.033 potted case removal adapter plate attache?
to Duernore miniature drill press witl. abrasive
cutting disc, Cut 1/32" off each of 4 side case
edges, Carefully pry up on case sices and remove
case, Note: Take extreme care not to damage
coanector threads while removing case, Ylace
te’lon collar oa coanector and leave o. to protect

— e — e ——

connector from darnage, emove top potting and
peotiing from all sifes of tie elecironics until the
unit will fit a new case assem, P/IJ 102370-3,
Usc hot-knife for this operation, =ef: Spec,
510010 Rev, A,

Date

—— e —

Time

—— e - |

l

e e e

This
ptration 'of
ccomplisiic

lmock A

‘s onl

|

A. Using a hot-krife, carefully remove epoxy in
area of C nepative end on croraflex 104248-1,
Cut ribbon 1/4" from feed-thru running to connector
pin #3 and rou‘e ‘o ribhon coming from C5 negaiive,
“eld at this iunction,
def: Veld Sched, MPA 10

Yeld spec, 510101 Rev, A, Dwr 101848

B. Usinig a hot-knife, carefully remove epox' on
cronaflex 10:248-1 from connector Pin {! to edge

Rev, D

(cont, - page 3)
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0O, T, inspect workmans
1 ist any rework
shee's, No'‘e anv
pari of unit,
Tef: "’pCC
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o altached MPPA 391 rework
damaze ‘o

10010 "ev, A ard Dwg,
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cC. P, #-

thiru 18,

Time

——

e corrected o1 ar

104818, Da’

}/;}"‘. 3
| - et P N
PER, DESCRIPTION Operator I . L L
N '. A(((ph' tejectes
/
of electronics ‘oward T8, The exposed arca is ot ,/
to po beyond 20 and 721, ermove I'in #3 and -
(cent, ) 3/8" of exposcd ri* Lo gol g to it, / \
% 7
B, S L S e L e L R —— -._.1“-*-.-..._.._-. SRR, -~ =
B, Using a hot-kuifc, carefully remove epoxy on
cronallex 114243-) from couaneclor Yin #f4 to v.';‘.:u
! of clectronics toward S35, The ex [)()h\,d arca is not
Lo ‘V.(' ] ¢ ','(‘»d & a ,.’. Z.l, :1“\. li ) YO 1) 1.(’1-‘.". ’f)
Pin #4 at t connector pi.; Carefully remov:
epoxy on cronafllex 1042402 side, compara'le to
arca oo revers si’ by the connector, Out
ribbon in the ceater of run between 120 and
coanector ¥in #4; “emove rivhon below 122 (o
end of splice on rithbon going Lo connector Pin #5;
Loute 1'i‘.’:o coming from negative £ to ribbon
betwe 14 ard "27; usiig a No, 20 twist drill ,
drill olt'q (1) hetwes 27 a~d connector and (1)
velow feed ‘.’ ru and negative end of '24; using a
Mo, 75 twis® drill, drill (1) nhole ‘or feed thirv Time
belween negative end of 78 and ™22 and drill (1) =

Install 104~ resistor ™25
g 007 x ,015 nic, "A" ribb
connector pin #4, Veld o
new 225,
nic, wire bvetween
c007 %x.,015 nie, W
~ 240 and weld other e
routed to ribbon hetw
Install sleceved fe

ecl
8,

wix.
' and -’ Ins
thru and neg
rib

--'.

L4ld Ol :/j,

No's of mat!l used,

b
o

Install sleeved &-'
21 aad '
" ribbon to cut
1d to fee

\l

‘:J thru of
below C8 and weld to ribbon routed to €
tal]l 17" resistor
Weld ,
boa from added riosistor Y25 to cut ribbon

omivg from connector Pin #5,
ribbon for case ground connection,

(cont,

clow 20, Splice weld
to cut ribbon going to
¢nd of ribbon to
d-f“.n'u of ,(2) dia
22, GSplice weld
ribboa from
d=-thru; weld ribbon
‘14 and " 23 frorn neg,
. 020 dia, nic,
114
N 26 between feed
007 x .,010 nie, "A"

~

§plicc weld new Time

Tecor?d l.ot

————————

Date

- page 4) :
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(cont,) R S R A A | y
® (" 4 x a ('l \ »/
Nic, "A" 2iphon /
IS .\ y
. 020 dia, nic, \ :
E —— /\
wire FIN
- )
Pef: Weld spec, 10101 Nev, A \ \
tework Spec (10010 vev A \ .
Dwg, 104240, Weld sched I/PA 104 Rev, D, ;
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Lisoy.] o.c, inspect workmanghip and buy off of all -
. 2 ~ ; y Ly .= , "iine
wells in CP {11, onte acceptable urits to test e
.y N 2 £o W alA » 5 / .
arews, Refl; Weld spec, 5)010] Date
e pa : et —
‘! » . :l
by  Pras _q,__..,,,___.__ e e e s B e ey A
12, Functional test unit per para, 3,2,7, 3,2,6, an? Time
3.2,7 of test proc, 1704544 3 -
) ; t\:‘ ]53‘&(‘
NTIIRINLAL e e e Sy e s e . RIS, TS
\\
13, Clean unit in bath of genewsolv-D, Dry throughly 3
and apply light coat of WEMS3-100 {reezecoat to
reworked arcas only, ,

tef: Spec, 510001 Rev, A,
Record Lot No and Exp, Date of VEMS=~100

.ot No, ‘ Time

e e S v -——

xp, Date

Sure Date

OBl B BBl e ol e —————————— . S——— ——— e .- - ——— o 2 e e [} o o e - e —

14. ¢, 2, inspec'ion of (T #13 verify coa lug of freeze
coatl applicalion by use of ultra- vmlc l)g, 1t Time
Reworked area to be free of all foreign material at
' l!‘!:\:;" and completely covered with the freeze coat, N i
L] i“o‘ L
15, Apply light coat of =, C, epoxy #1090 51 to inside
surfaces of new case and all sides of electronics,
insert electronics into case immediately, Add
additional epoxy with hypodermic needle to insure

conplctc c;:capsnla’io a, Do not cover case ground
ribbons and keep epoxy level. 1/8" below top of
potting case,

l ( cont, - page F)
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SCOPE

The object of this document is to show that the addition of two 10 ohm
resistors in series with the positive and negative outputs of the DC-DC
Converter, Spacelabs P/N 103110 and 104240, will net cause overstressing
or overheating to any component in the equipment, upon application of a
short to the converter output, and that all circuit parameters will return to

normal operation upon removal of the short,

APPLICABLE DOCUMENTS
The following Spacelabs documents form a part of this document.,
Drawing No. 103113 A, Schematic DC-DC Converter

Drawing No, 104243 N/C, Schernatic DC~-DC Converter
Block II Apollo

Drawing No, 104842 N/C, Schematic DC-DC Converter

PRELIMINARY NOTES

This document deals only with the electric aspect of the modification, that is,
the addition of a 10 ohm, 1/8 watt resistor to both converters, P/N 103110

and P/N 104240, which are electrically ide—tical. 'i‘he only difference is the
grounding configuration. The output voltage and curz.fent limiting specifications

are the same.

TRANSIENT RESPONSE ANALYSIS
The modified positive output of Converter P/N 104240 will be used here as a
sample for this analysis. The components of interest for the transient

analysis are shown in Figure 1.
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FIGURE 1

Under normal operating conditions the capacitor is charged to +10 volts.
When a short nccurs between the converter output and ground C discharges
to ground through RS and R25, the value of the maximum instantaneous
current is given by:

10v
(10 + RS) ohms

I = amperes,



where Rs is the internal capacitor resistance,

The value of Rs caﬁ be calculated for a sinusoidal, 120 Hz forcing function,
from the manufacturer's déta sheet. However, for a transient response,
where the tast rise of the current pulse implies higher frequency components,
Rs cannot be determined simply from the data shects because of the change
in C and Rs as the frequency increases. The worst case occurs when Rs

is minimum which gives a maximum value of current. The manufacturer's
data sheet gives a range of Rs values f1"om 5 ohms to 2.2 ohms in the

frequency range of 15 H, to 30 KH, .
Using 0.3 ohm for Rs as a worst case:

' - 10 _ .
lpeak = 107 0.3 = 0-97 ampere
The current pulsé does not rise instantaneously to its peak value because of

the inductance in series with Rs in the capacitor. This inductance, although

-small, will cause the leading edge of the pulse to have a finite rise time.

The value of the capacitor discharge current, as a function of time, is given

by:

b
10 T

M) T RZBF R, mmperes
where the time constant RC is given by (R25 + R_)C and is equal to 0.7
milliseconds. The discharge current is plotted in Figure 2. This plot gives

the transient response plus the d.c. short circuit current. The instantaneous

power dissipated in R25 when the current is at its peak value is:

s R . A R L
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P = IR

(0. 97)%(10)

i

]

9.4 watts

However, the total energy dissipated in the 10 ohm resistor, neglecting the
dissipation in Rs’ is equal to the energy stored in the capacitor and is equal
to:

%— Ce2

—;- (68 = 10”8y(100)
3.

4 x 10"3 joules

1!

This amount of encrgy is insufficient to overheat or overstress the 10 ohm

resistor.

During the transient response the surge current flows only through capacitor
C8 and resistor R25 and no other component in the converter. The discharge

of capacitor C8 cannot overstress this capac.itor.

Therefore as a result of the transient response no component in the converter

will be overstressed.

STEADY-STATE RESPONSE ANALYSIS

As -shown in Figure 2, the currc;nt does not deca.y‘ to zero because of the current
supplied by the converter in the short circuit condition which is 50 ma. The
addition of the 10 ohm resistor does not significantly change the limiting value
of this current, which causes a voltage drop across the 10 ohm resistor of

500 millivolts.

b R Bt L e ST 1 e
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The short circuit curxent flows essentially in the transformer sccondary,
the serics regulator Transistor Q6, and the 10 ohm resistor. The

transformecr cannot be overstressed with this amount of current.

In the shorted output condition the emitter of transistor Q6 is at 0,5 volts

aud the collector at about 12 volts., Thercfore the power dissipation is:

P (11.5v)(0, 05a)

fl

0.57 watt

This transistor (NS942) is rated at 1.0 watt for case temperature of 100°C,
In tests conducted at Spacelabs, the case temperature stabilized at 80°C in
free air after continuous shorted output condition. In the potted module,
heat transfer to the potting compound and to the module casc occurs at a
faster rate than in free air to the ambient, causing the transistor case
teimnperature to decrease., Therefore no failure of the series regulator will

occur since its power rating is not exceedcd.
The power dissipated in the 10 ohm resistor is:

P

1l

(0. 05)2(10) watt

0.025 watt

which is well below the rated wattage of 0. 125 watt,

Converter Input Circuit
The maximum input current to the converter is 100 ma. In the event of a

short at both converter outputs, the negative supply shuts off duc to the loss



T AT,

of pogitive bias vollage. Therefore, the maximum input current should not
exceed 100 ma even in the event of a short ¢ircuit at both converter outpuis,
Diode CR)Y (MC8874) is rated at 1f = 200 yna, and thercfore this component

will not be overstressed,

Under worst case condition which would be 20, § volts d. c. input, the power

dissipated in transistor Q1 (2N171)) is approximately:

P

[ H

(Vo)) .
(20 - 11, 4) (100 x 10°3) watt

1

0, 86 watt

1

The rated wattage of transistor Q1 is 3, 0 watts at 25°C c'ase temperature and
1.7 watts at a case temperature of 100°C, In tests conducted at Spacelabs
under ambient conditions, the case temperature never rose above 96°C. In
the operational modulc this transistor has a heat sink which will allow for a
lower case temperature. Therefore even under the stated worst operating

conditions, transistor Ql will not fail due to overheating.

The d. c. current in the transformer primary will not overstress the trans-

former.

Operation After Removal of Shorted Condition

When the short is removed the decrease in current is sensed by the current
limiting circuit and transistor Q5 turns off. The potantial at the emitter c?f
Q6 increases allowing the regulation loop to be re-established. The rise of
the output voltage from 0, 0 volts to 10 volts is exponecntial due to the cbar ging

of capacitor Cb.



CONCLUSION
The addition of the 10 ohm resistors to the converter outputs cannu. cause
overstressing or overheating of any component in the converter upon

application of a short to the cutput,

s
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