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RN-59 

Temperature Readout System 

f o r  a Strapdown Gyro System 

by J . T .  Egan 

1. Abs t r ac t  

T h i s  e f f o r t  w a s  t o  support  NASA-ERC i n  i n v e s t i g a t i n g  

I n e r t i a l  Measurement Unit  ( I M U )  temperature c o n t r o l  problems. 

W e  designed and b u i l t  a system t o  monitor t h e  complex tempera- 

t u r e  p a t t e r n  of a strap-down I M U  assembly while  a thermal mock- 

up of t h e  u n i t  w a s  undergoing environmental tests. 

The work descr ibed  he re in  may be summarized by t h e  t w o  

block diagrams l abe led  "Phase I" and "Phase I I A "  and t h e  MIT- 

MSL dwg. D-7-118. 

2.  The Objec t ives  

The o b j e c t i v e s  w e r e  t o  develop a readout  method, t es t  

and eva lua te  t h e  o v e r a l l  h e a t  budget and t h e  temperature 

d i s t r i b u t i o n  i n  an I M U  system. A p r i n t e d  record of t i m e ,  temper- 

a t u r e ,  and h e a t e r  c u r r e n t  d a t a  d isp layed  i n  an organized manner 

w a s  a requirement. 
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3 ,  Phase I 

In phase I we instrumented a strapdown gyro block 

furnished by NASA-ERC (Honeywell dwg. No. DGG 8066191) 

as follows: 

1. We added 59 nickle wire temperature sensors to 

the assembly (See Dwg. D-7-112B, -115A, 116, & -117). 

2 .  We designed and made a dummy variable impedance 

(D-7-100C) to replace the original "variable thermal 

impedance" . 
3 .  We designed and made a dummy electronics package 

as a substitute for the proposed electronics. This 

device simulated the size and heat output of the 

expected final design. (See Dwg. D-7-101-B). 

All wiring was made compatible with existing block 

harnesses. A switching panel (D-7-102) was also made which 

could manually switch any one of the 66 temperatures or 

15 current sensors into a digital voltmeter for printout. 

(See block diagram "Phase I"). The above switching panel 

included a board with 6 bridges and 78 adjustable resistors 

(D-7-111-B) for the temperature sensors as well as a current 

control and readout calibration potentiometers for each of 

15 heaters. (See D-7-102, & 108E) 
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In phase I we tried to calibrate our bridges by 

balancing each bridge at O°F and then setting each bridge 

to 14722 (15000-278) counts with the sensitivity potentio- 

meters when the chamber was held at 15O0F. for 24 hours, 

We then added 278 counts by altering the balance pots. 

The tests showed that the minimum heat requirements 

and maximum environmental temperatures were compatible. 

Typically these conditions require that each gyro have a 

minimum heat input of 4.7 watts; each accelerometer, 1, 

watt; and the dumy electronics package 32 watts (or 49.1 

watts total) in an environment of 120°F at atmospheric 

pressure. It was a design requirement that the final 

be maintained at 155O+ - O.l°F and the accelerometers at 

147.O + - O.l°F. Eventually each unit will have its own 

servo controlled heater so for these tests the above 6 

temperatures must be substantially less, Under the above 

conditions the 3 gyros were within 0,3O of 136.2OF and the 

3 accelerometers were within 2.0° of 137.8OF. 

Due to the slight misunderstanding the four thermal 

insulating mounts between the gyro block and main frame were 

assembled without the loose insulating washers. As a result 

the temperature drop across these buttons was less than it 

should be. At 49,l watts input and 30°F ambient F6 minus 

F4 was about 7OF (data pg. 2 dated 13 June 1969) and about 

18OF when this assembly error was corrected. (See comparable 
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Phase I1 data 23 Feb. 1970). 

We believe the unusually high temperatures of about 

260°F for T13 and T14 on D-7-101B (See data pg. 3 dated 

15 June 1969) to be essentially correct and shows that 

our thermal contact between the dummy electronics package 

and the gyro frame was not realistic. 

Phase I was completed but the gyro block components 
i 

i 
were required by NASA on short notUce for flight tests 

beginning about mid June. Five pages of temperature and 

heater current data were hurridly taken and given to NASA- 

ERC for evaluation. Time did r'lot allow us to repair faulty 

sensors or refine our calibration. The evaluation and 

improvement of this system will be discussed under Phase I I A .  

6 



4. Phase I1 

Under phase I I A  the instrumentation work was developed 

during the summer but the required gyro block was not 

returned until late in September. Many alterations in the 

block configuration were then necessary due to design changes. 

We also felt that our original calibration techniques left 

much to be desired. 

Design changes and discussions with NASA-ERC personnel 

led to a reduction in the number of parameters from 66 temper- 

atures and 15 current measurements to 4 4  temperatures and 

14 currents. 

When the word arrived late in December that the future 

of the project was in doubt we decided to sacrifice certain 

refinements in the interests of a working system at minimum 

cost. The details will be explained in the following pages. 

The questionable integrity of temperature data indicated 

to within O . O l ° F  while using nicle wire sensors was acceptable 

to NASA personnel because this data would show the direction 

of small temperature changes. 

The strapdown gyro system has been designed to use 8 

independent temperature servo controls. (Tentatively each 

of 3 gyros will be held to 1 5 5 O  + - 0 . 1 O F ;  each of 3 accelero- 

meters to 147O + - 1.OF; and the gyro block and electronics 
package to 140° + - 1 ° F . )  The remaining 6 block gradient heaters 

(BGH-1 etc.) are to be trimmed manually. 
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T h e  system ground r u l e s  r e q u i r e  t h a t  t h e  3 gyros have 

a 6 w a t t  minimum power i n p u t  t o  each, and t h e  electronics 

assembly i s  t o  d i s s i p a t e  a t  least  28 w a t t s  t o  g ive  46  w a t t s  

t o t a l  i npu t .  The i n t e r n a l  block, on which a l l  gyros and 

accelerometers are mounted, has  one hea t ing  b l anke t  for  

overall  block temperature c o n t r o l  and 6 g r a d i e n t  h e a t e r s  

f o r  block temperature d i s t r i b u t i o n  con t ro l .  I n  phase I1 

t h e  hea t ing  c u r r e n t  t o  a l l  1 4  of t h e s e  h e a t e r s  are c o n t r o l l e d  

manually. 

The environmental requirements are 30° t o  120°F a t  

atmospheric pressure .  I t  should be noted t h a t  a l l  tests 

w e r e  conducted w i t h  t h e  chamber fan  blowing on t h e  block 

unless  otherwise s p e c i f i e d .  During a l l  tests t h e  strapdown 

package w a s  i n  i n t i m a t e  c o n t a c t  with our l a r g e  mounting box 

- a good h e a t  s i n k  wi th  a l a r g e  su r face  a rea .  (See D-7-117 ,  

&, -118) I n  t h e  w r i t e r ' s  opinion t h e  f i n a l  use of t h e  sysem 

w i l l  f i n d  t h i s  mounting box replaced by a v i b r a t i o n  i s o l a t i o n  

mount which - by n a t u r e  - w i l l  provide a high r e s i s t a n c e  

path f o r  t h e  flow of hea t .  All d a t a  taken i n  t h i s  program 

could be compromised by a l t e r i n g  t h e  mounting and forced  

a i r  coo l ing  d e t a i l s .  

A c r i t i ca l  eva lua t ion  of  phase I l e d  t o  t h e  following 

design requirements f o r  phase 11: 
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1. Presen t  t h e  measured data ( inc luding  t i m e )  e f f i c i e n t l y .  

2.  U s e  a s e p a r a t e  b r idge  w i t h  two very s e n s i t i v e  ad jus t -  

ments f o r  each sensor.  

3 .  Minimize sensor  se l f -hea t ing  effects. 

4 .  Provide an independent r e a l  temperature reference.  

5. Minimize t h e  temperature readout  errors i n  t h e  70° 

t o  150' F region.  

6. Provide better temperature c a l i b r a t i o n  f e a t u r e s  and 

techniques.  

7. Minimize a l l  errors due t o  moisture.  

8. Provide maximum f l e x i b i l i t y  a t  reasonable  cos t .  

W e  designed and made p a r t s  of a system as o u t l i n e d  i n  

block diagram "Phase IIA". T h i s  ins t rumenta t ion  w i l l  tabu- 

l a te  immediately t h e  output  of each sensor  i n  i t s  own column 

and p l ace  a l l  p e r t i n e n t  data a s soo ia t ed  w i t h  a t es t  run i n  

an organized manner on one reproducible  page (See copy 

reduced i n  s i z e  dated 20 Feb. 1 9 7 0 ) .  I t  w i l l  a l s o  d i sp lay  

e a r l i e r  and c u r r e n t  information i n  a way which w i l l  al low 

eva lua t ion  w i t h  a minimum of searching ,  and adjustments w i t h -  

o u t  i n t e r r u p t i n g  a test. The  more important 31 parameters 

are typed o u t  a t  1 0  minute i n t e r v a l s  a s  p a r t  of t h e  "auto- 

matic sequence" and less variable measurements may be recorded 

as r equ i r ed  by pushing a but ton  t o  i n i t i a t e  the  "manual" 

readout  cycle .  The column and row spacing are d i s t i n c t l y  

d i f f e r e n t  t o  avoid confusion. R o l l s  of 2 2 "  wide t r a c i n g  

9 



paper can be used b u t  w e  found t h a t  ord inary  "D" s i z e  

(22" x 34")  t r a c i n g  paper w a s  about t h e  l a r g e s t  convenient 

s i z e .  

A clock t o  p r i n t  o u t  t h e  f i r s t  column of d a t a  i n  accum- 

u l a t e d  minutes w a s  s t a r t e d  b u t  n o t  f in i shed .  T i m e  shown i n  

hours and minutes might be more convenient f o r  t h e  opera tor  

b u t  would be very expensive and it would complicate t h e  

p l o t t i n g  of d a t a  vs. t i m e .  Accurate t i m e  cannot r e a d i l y  be  

expressed as a vo l t age  l e v e l  so  a mechanical switching system 

feeding d i r e c t l y  t o  t h e  typewr i t e r  seems t o  be t h e  most 

p r a c t i c a l  method. The l a s t  column of t h e  automatic readout 

sequence i s  l abe led  "STD". Only readings taken a f t e r  1 2  M a r .  

1 9 7 0  are meaningful. These numbers show t h e  vol tage  across 

a vo l t age  d i v i d e r  and serve  as an i n d i c a t i o n  of t h e  repeat-  

a b i l i t y  of t h e  s t a b i l i z e d  power supply and t h e  d i g i t a l  v o l t  

m e t e r  combination. To d a t e  t h i s  number has had readings of 

58489 + - 8 counts.  

an "end of scan" r e fe rence  mark f o r  poss ib l e  automatic curve 

p l o t t i n g  cons idera t ions .  

T h e  l a r g e  number, SXXXX, w a s  chosen as 

A s e p a r a t e  plug-in card  was provided f o r  each sensor  

type - about 1 0  br idges  each on 5 cards .  (See Dwgs. C-7-125C, 

- 1 2 6 B ,  -127, & -128). I t  w a s  found i n  p r a c t i c e  t h a t  t h e  

adjustment of RB w a s  no t  s e n s i t i v e  enough and on s o m e  occasions 

they could n o t  be ad jus t ed  t o  give a number wi th in  30 counts 

10 



of t h e  d e s i r e d  reading. 

The platinum sensor  d e t a i l  i s  shown i n  Dwg. A-7-147. 

This  thermometer wi th  t h e  e n t i r e  t e s t i n g  block (Dwg. A-7-137A) 

w a s  cen tered  i n  t h e  durmny e l e c t r o n i c s  package and supported 

by s t r i n g s  f o r  t h e  e n t i r e  test  program. 

The platinum sensor  (A-7-147) may be  i n s e r t e d  i n  t h e  

durmny B a x i s  gyro (C-7-145) and t h e  decade box and Zl(C-7-136B) 

set  so t h a t  t h e  CAL s t a t i o n  on t h i s  drawing w i l l  r ead  00000 

when t h e  d e s i r e d  temperature i s  a t t a i n e d .  Unfortunately t h i s  

number w i l l  n o t  d i s t i n g u i s h  between a temperature which i s  

too high o r  t oo  l o w .  A false zero of 1 0 0  counts (4. m v  unbalance) 

might be  a m o r e  u s e f u l  technique. 

L a t e  i n  September w e  obtained on loan  a F i s h e r  Constant 

Temperature O i l  B a t h  which - by test  - would hold any tempera- 

t u r e  between 80' and 155' F cons t an t  w i th in  .Ol°F f o r  a per iod  

of an hour o r  so, W e  a l s o  made our  thermal tes t  block (A-7-137A) 

f o r  use i n  t h i s  o i l  ba th  or a s e p a r a t e  ice bath.  T h i s  f i x t u r e  

was wired t o  be completely compatible wi th  our  c o n t r o l  panel  

and readout -sys tem and included t h e  sensor  i d e n t i f i c a t i o n  

terms such as T 2 ' ,  T 9 ' ,  F2 ' ,  FlO', GXT' & GYT' which are t o  

be used t o  locate t h e  proper switch pos i t i ons .  

The t e s t i n g  block (A-7-137A) has  2 each of our more 

important  sensor  types and t h e  platinum reference  thermometer. 

By design w e  expec t  a l l  seven senso r s  t o  be wi th in  .005OF 

of t h e  same temperature under s teady  state condi t ions  when 

11 



used i n  our o i l  ba th  o r  ice ba th .  Our i n t e n t  w a s  t o  measure 

t h e  accuracy, cons is tency ,  and l i n e a r i t y  of our  sensors  b u t  

i n  p r a c t i c e  it demonstrated the  shortcomings of our  techniques.  

W e  could see and eva lua te  t h e  e f f e c t  of 5 m i l l i w a t t s  of s e l f -  

hea t ing  power and a l s o  t h e  " s e t t l i n g  t i m e "  a f t e r  switching 

r equ i r ed  by t h e  d i g i t a l  voltmeter. Good labora tory  p r a c t i c e  

would r e q u i r e  t h e  o i l  and ice ba th  tests as o u t l i n e d  t o  be 

c a r r i e d  o u t  i n  d e t a i l  b u t  t h i s  work i s  so t i m e  consuming and 

t h e  r e s u l t s  so i n t a n g i b l e  t h a t  w e  concentrated on more impor- 

t a n t  e r r o r s .  

W e  chose t o  l i n e a r i z e  t h e  output  of our  br idges by 

r e q u i r i n g  t h e  d i g i t a l  vo l tmeter  t o  show a number p ropor t iona l  

t o  t h e  temperature of RS i n  degrees Fahrenhei t  a t  t h e  70°, 

llOo, and 150° F po in t s .  T h i s  l i n e a r i t y  was achieved by means 

of t he  fol lowing formula which i s  t y p i c a l  f o r  t h e  T--series 

of pure n i c k l a  sensors:  

RS a t  70°F = 200 52 = R70 

RS a t  l l O J F  = 200 x 1.12635 = 225.27 = Rl10 

R S . a t  150°F = 200 x 1.26001 = 252.00 = R150 - 
' C T  KD RA = RA 

- 2 R  R 
70 150 = 698.83 ohms 

o r  700 ohms 

- (R70 R150)R110 
RA - R70 R150 - Rl10 

(See Figure 5) 

12 



T h i s  c a l c u l a t i o n  w a s  based on R d F  data f o r  C . P .  N i c k l e  

given t o  3 decimal p laces  with t h e  he lp  of a l i t t l e  curve 

smoothing, and the  br idge  designs used these  f igu res .  The 

s a m e  computation wi th  Minco Products,  Inc.  d a t a  given t o  5 

p laces  gave a va lue  of 755 ohms (See f i g u r e  4 ,  pp. 1 & 2 ) .  

Each br idge  has i t s  own balancing potent iometer  RBand 

two 1 megohm b r i d g e ' s e n s i t i v i t y  a d j u s t i n g  r e s i s t o r s  RC and 

RF ( i .e .  coarse  and f i n e  a d j u s t )  

Our recommended c a l i b r a t i o n  procedure i s  as follows: 

(See diag.  C-7-127 - t y p i c a l ) ,  

1. I n s e r t  a p rec i s ion  platinum r e s i s t a n c e  thermometer 

i n t o  t h e  t es t  package. U s e  an e x t e r n a l  n u l l i n g  br idge  

t o  read t h e  re ference  temperature t o  wi th in  O . O l ° F .  

(See f i g u r e  6 ) .  

2. Enclose t h e  e n t i r e  gyro block u n i t  i n  a c l o s e  f i t t i n g  

box made of 4 inch t h i c k  Styrofoam. 

3 ,  S e t  a l l  R c ' s  and R F ' s  f o r  maximum output  ( f u l l  clock- 

w i s e )  (See d iags .  C-7-125C, -126B, -127 ,  and - 1 2 8 ) .  

4 .  T h e  assembly should be placed i n  a r e l a t i v e l y  a i r  t i g h t  

and i n s u l a t e d  thermal t e s t  chamber and allowed t o  soak 

f o r  2 4  hours with a l l  h e a t e r s  and blowers turned o f f ,  

5. Record temperature measured w i t h  t h e  platinum sensor .  

R e a d  t o  wi th in  O . O l ° F  and be s u r e  temperature d r i f t  i s  

a t  a minimum. T h i s  temperature should be about 70°F - 
c a l l  it T1. 

13 



6. Balance a l l  4 4  b r idges  by ad jus t ing  % i n  each case. 

7. S e t  t es t  chamber temperature f o r  15O0F. The s ty ro -  

foam box may be removed temporar i ly  t o  save t i m e  b u t  t h e  

block should s t i l l  be soaked a t  150°F for 24  hours a f t e r  

t h e  box i s  closed.  

8. Record temperature measured with t h e  platinum sensor .  

Read t o  wi th in  O . O l ° F  and be s u r e  d r i f t  i s  a t  a minimum. 

This temperature should be about 150°F - ca l l  it T2 - 
and record f o r  each sensor .  

T1 = C f o r  each sensor .  Adjust  1 megohm 9. S e t  T2  - 
coa r se  and f i n e  resistors so t h a t  d i g i t a l  vol tmeter  

reads  C3 - (about  8000  counts) f o r  each sensor .  

1 0 .  By means of band switch # 4  (BS 4 )  and t h e  .01 t o  1111.1 

ohm decade r e s i s t o r  (C-7-136B) across  te rmina ls  J 5  and J 6  

(C-7-129D) record t h e  va lue  of a s u b s t i t u t e  r e s i s t a n c e  

t o  wi th in  .005 ohm f o r  each sensor  which w i l l  g ive  t h e  

same count on t h e  d i g i t a l  vol tmeter  as each r e a l  sensor .  

3 

11. Return block i n  i t s  Styrofoam box t o  70°F and soak 

f o r  48 hours i n  the tes t  chamber and measure temperature 

t o  wi th in  .Ol°F. 

1 2 .  S e t  a l l  b r idges  by a d j u s t i n g  RB t o  g i v e  a readout  

of 3740 counts - + any dev ia t ion  from the  nominal 70.00°F. 

13. R e s e t  readout  by a d j u s t i n g  Rc and RF f o r  each sensor  

t o  g i v e  t h e  number of counts equal  t o  t h e  measured temper- 

a t u r e  i n  above i t e m  1 0 .  

14 



14, Place t h e  decade r e s i s t a n c e  box between J5 & J 6  

and a d j u s t  f o r  the apparent  r e s i s t a n c e  of a given sensor  

a t  150' whi le  the block is  a t  70'. T h e  readout system 

can then  be  switched by BS 4 from 7000 counts t o  15 ,000  

counts repea ted ly  for  a two p o i n t  l i n e a r  c a l i b r a t i o n  of 

each temperature sensor .  I t  should be understood t h a t  

i n  t h i s  section 7000 and 1 5 , 0 0 0  counts are nominal 

numbers and should be ad jus t ed  f o r  t h e  r e a l  values  

p re fe rab ly  wi th in  + 300 counts of these numbers. - 

I t  usua l ly  t akes  over  an hour t o  run through a l l  sensor  

adjustments and each sensor  i s  being heated by i t s  own c u r r e n t  

f o r  about 1 .5  minutes during an adjustment cycle .  

Typica l ly  t h e  temperature d r i f t  of the  gyro block i n  a 

we l l - in su la t ed  enc losure  might be about 0.3'F ( 3 0  counts) 

pe r  hour and t h e  se l f -hea t ing  e f f e c t  might account f o r  another  

30 counts of uncer ta in ty .  Sensors TO2 and TO9 measure a i r  

temperatures and the i r  very small  masses make t h e m  e s p e c i a l l y  

s e n s i t i v e  to se l f -hea t ing .  I n  normal use each sensor  i s  

energized f o r  2 seconds every 1 0  minutes so t h i s  i s  only a 

c a l i b r a t i o n  problem. 

The 2 p o i n t  c a l i b r a t i o n  technique using t h e  B S 4  has n o t  

been t r i e d  b u t  t h e  w r i t e r  cons iders  t h i s  concept e s s e n t i a l  

f o r  good c a l i b r a t i o n .  

T h e  se t  heater c u r r e n t  might change 2 o r  3 %  between t h e  

"cold" r e s i s t a n c e  and la te r  ''hot" r e s i s t a n c e  of each h e a t e r  so 
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trimming f o r  s teady  s ta te  condi t ions  i s  recommended. 

A l l  phase I1 tests had a d e s i c a n t  spread around t h e  cham- 

b e r f l o o r  and dry n i t rogen  w a s  f e d  i n t o  t h e  block housing during 

cool ing cyc les  and occas iona l ly  during co ld  runs. A t h i n  

t r a n s p a r e n t  f r o s t  formed on t h e  c o l d e s t  run (Feb, 2 5  see T6 

& T10) al though w e  took a l l  p r a c t i c a l  s t e p s  t o  s e a l  t h e  chamber. 
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5.  T e s t  Resul t s  

The t e s t  r e s u l t s  are shown on t h e  second page of our  

typed d a t a  s h e e t s  dated 20 t o  25 February 1 9 7 0 .  These tests 

included s teady  s ta te  environmental condi t ions  of 1 2 0 ° ,  8 0 ° ,  

and 24*F. a l l  with an i n p u t  of 46 w a t t s  f o r  heat ing.  Another 

run w a s  completed a t  2 4 O  wi th  1 2  w a t t s  i n  t h e  block h e a t e r  i n  

add i t ion  t o  t h e  above 4 6  w a t t s .  

Qote  t h a t  on a l l  

block h e a t e r  c u r r e n t  readings (BSC) from 1350 23 Feb. t o  25 

Feb. w e  exceeded t h e  c u r r e n t  re ter  range so t h a t  01685 r e a l l y  

means 1.017 amps. 

The a i r  temperature TO9 i s  e s s e n t i a l l y  correct f o r  an 

ins tan taneous  chamber a i r  temperature reading b u t  should be 

averaged t o  o b t a i n  a u s e f u l  reading. A t  30° t h e  chamber coo le r  

r a n  f o r  about 67 seconds f o r  each 8 minute cyc le  g iv ing  a saw 

t o o t h  temperature v a r i a t i o n  of about 1 6  degrees. W e  suggest  

a co r rec t ed  average temperature of 2 4 O  f o r  t h e  intended 3OoF 

chamber temperature.  

The t h r e e  typed c a l i b r a t i o n  and d a t a  shee t s  given t o  NASA 

t o  d a t e  have had t h e  t i m e  ( 0 0 0 0  t o  2359) and t h e  column head- 

ings  typed manually- 

W e  typed two numbers a t  t h e  r i g h t  end of  some l i n e s  

which show t h e  r e s i s t a n c e  of t h e  platinum reference  thermometer 

i n  ohms and t h e  computed r e a l  temperature i n  degrees Fahrenhei t ,  

17 



I t  should be no t i ced  t h a t  w e  ad jus t ed  the spacing of our  

d a t a  f o r  c l a r i t y  so t i m e  re fe rences  become c r i t i c a l  t o  an 

understanding of t h e  r e s u l t s .  

On 24  Feb. t h e  measured h e a t e r  c u r r e n t s  w e r e  as explained 

i n  words on t h e  d a t a  sheet b u t  t h e  h e a t e r  c u r r e n t  readouts w e r e  

n o t  independent of each o the r .  This behavior w a s  co r rec t ed  

by 9 March. A f t e r  t h i s  d a t e  t h e  c u r r e n t  scale f a c t o r  was 

changed by a f a c t o r  of 1 0  ( i .e.  .5 amps was 50000 counts and 

now equals  05000 counts ) .  

W e  had some t r o u b l e  w i t h  our  500 ohm bobbin type CP 

Nickle sensors  - about 6 of them opened up while epoxied i n  

place.  All w e r e  mounted i n  t h e  s p e c i f i e d  manner. W e  "saw" 

t h e  GXT snesor  open on 2 1  Feb. a t  1 4 1 0  ?,nd AZT on 20 Feb. 

(see d a t a  sheets).  

The temperature tests may be separa ted  i n t o  3 main 

ca t egor i e s :  c a l i b r a t i o n  tests wi th  the  gyro u n i t  i n  i t s  s ty ro -  

foam i n s u l a t e d  box; tes t  runs w i t h  t h e  heaters a t  t h e  requi red  

power levels;  and o t h e r  t e s t  and c a l i b r a t i o n  procedures.  W e  

have drawn a v e r t i c a l  l i n e  along t h e  l e f t  end of what w e  con- 

sider u s e f u l  d a t a  runs dated 20 t o  2 4  Feb. T h e  sensors  GXT, 

AZT, T11 and F11 w e r e  f a u l t y .  They w e r e  replaced by 9 March, 

b u t  w e r e  n o t  e f f e c t i v e l y  r e c a l i b r a t e d .  
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6 .  Design F l e x i b i l i t y  

A s  our system now s t ands  it can be \used  to t a b u l a t e  any 

parameter which can be expressed as a vol tage  o r ,  w i th in  l i m i t s ,  

t i m e .  I t  can p r i n t  up t o  8 d i g i t s  and 1 2  a d d i t i o n a l  cha rac t e r s  

pe r  word i n  any number of columns from 1 t o  99 s u b j e c t  t o  t h e  

l i m i t a t i o n s  of a s i n g l e  word format and a 22  inch page width. 

I t  i s  a l s o  compatible w i t h  a Hewlett-Packard model 2 8 0 1 A  qua r t z  

thermometer system. T h i s  instrument can g ive  2 o r  m o r e  abso lu te  

temperature re ferences  i n  t h e  same format and i t s  counter  can 

r ep lace  t h e  more expensive one shown i n  t h e  block diagram 

phase I I A .  W e  used t h e  more expensive counter  because it 

w a s  a v a i l a b  e.) 

W e  experienced some t roub le  i n  g e t t i n g  smooth r epea tab le  

temperature readings and o u r  e f f o r t s  may be summarized a s  follows: 

The i n p u t  of the vo l t age  t o  frequency converter  (Fig I I A )  

must look i n t o  an impedance of about 1 0 0 0  ohms. I t  became 

necessary t o  add a 60 cyc le  f i l t e r  and a vol tage  fol lower 

c i r c u i t  t o  t h e  conver te r  input .  A simple i n t e g r a t e d  c i r c u i t  

type of an impedance matching vol tage  fol lower w a s  t r i e d  b u t  

it had d r i f t  c h a r a c t e r i s t i c s  which w e r e  d i f f i c u l t  t o  p i n  down. 

A s  a temporary expedient  w e  removed t h e  vo l t age  fol lower and 

t h e  1.5 and 0 .9  megohm r e s i s t o r s  i n  t h e  br idge  c i r c u i t  ( f i g  5) 

and rep laced  t h e  two 2 second t i m e r s  shown on drawing C-7-131-C 
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w i t h  a more e l a b o r a t e  a d j u s t a b l e  t i m e  switch.  T h i s  technique 

allowed about 6 seconds s e t t l i n g  t i m e  f o r  switching t r a n s i e n t s  

t o  d i e  o u t  before  t h e  d i g i t a l  vol tmeter  s tar ted i t s  one second 

cycle .  W e  recommend t h a t  a high q u a l i t y  vo l t age  follower be 

used before  t h e  d i g i t a l  vo l tmeter  and t h a t  a l l  c i r c u i t s  be 

converted back t o  t h e  o r i g i n a l  design conf igura t ion .  

Th i s  temporary expedient  made i t  necessary t o  o m i t  such  

f e a t u r e s  as the  v a r i a b l e  column spacing,  a g a t i n g  system 

which p ro tec t ed  t h e  readout  sequence from opera tor  e r r o r ,  t h e  

withholding of meaningless numbers, and t h e  automatic t ape  

punch f e a t u r e .  

W e  had some t r o u b l e  w i t h  t h e  Hewlett-Packard coupler .  

A company service engineer  could n o t  i d e n t i f y  t h e  f l a w  i n  3 

days of t e s t i n g  and it seemed so t r i v i a l  w e  d i d  nc/t send it 

back t o  t h e  f ac to ry .  The malfunction can be e a s i l y  circumvented 

by s t a r t i n g  each word w i t h  a "space".  
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- 7 ~ Conclusions 

I n  t h e  w r i t e r ' s  opinion t h e  system a s  ou t l ined  i n  phase 

I I A  could - i f  f u l l y  exp lo i t ed  - r e s u l t  i n  t h e  following 

s p e c i f i c a t i o n s  i n  the  70° t o  150°F temperature range:: 

1, abso lu te  accuracy + 0.3OF o r  + O.l°F i f  co r rec t ions  

are appl ied  f o r  known n o n l i n e a r i t i e s  

- - 

2. r e s o l u t i o n  and r e p e a t a b i l i t y  + - 0.02OF 

By " f u l l y  exp lo i t i ng"  t h e  systems p o t e n t i a l  t h e  w r i t e r  means: 

1. I n s e r t i n g  a high grade vo l t age  fol lower ahead of t h e  

vo l t age  t o  frequency converter .  

2 .  Changing a l l  RBIs (Figure 5) from a s i n g l e  p o t  t o  

two po t s  of widely d i f f e r i n g  va lues  i n  p a r a l l e l .  

3. Using t h e  remote vo l t age  sensor  on t h e  br idge  power 

supply as close t o  t h e  br idges  as p r a c t i c a l ,  

4 .  Pe r iod ic  c a l i b r a t i o n  of t h e  vo l t age  t o  frequency con- 

verter. 

5, Using a cons t an t  temperature o i l  bath f o r  t h e  more 

c r i t i c a l  sensor  c a l i b r a t i o n s .  (Messy, t i m e  consuming, 

and usua l ly  imprac t i ca l  f o r  components l a r g e r  than  a 

baseball e ) 

6, The meticulous use of s t r a i n  f r e e  platinum temperature 

c a l i b r a t i o n  r e s i s t o r s  and a s soc ia t ed  Wheatstone br idge  

equipment, ice ba ths ,  etc.  f o r  abso lu t e  temperature 
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r e fe rence .  

7.  The use  of very w e l l  i n s u l a t e d  cons tan t  temperature 

enc losure  which by d e f i n i t i o n  w i l l  b r ing  a l l  sensors  t o  

t h e  s a m e  temperature.  

8.  The use  of a two p o i n t  l i n e a r  c a l i b r a t i o n  technique 

(descr ibed  elsewhere) which w i l l  a l low t h e  opera tor  

working on any given sensor  t o  switch a t  w i l l  from a 

real ,  measured, and accu ra t e ly  known temperature - 
t y p i c a l l y  about 70°F - t o  a previously measured and 

accu ra t e ly  s imulated h igher  temperature - t y p i c a l l y  150e0F. 

We would a l s o  recommend t h e  use of a good q u a l i t y  sensor  

a l l  of which are made from t h e  same ma te r i a l .  The block a s  

now instrumented has some "pure n i ck le"  sensors  and o t h e r s  

(F-- and K-- series) a r e  l 'n ic le  A".  The pure n i c k l e  seems 

p r e f e r a b l e  because t h e  documentation of t h e  phys ica l  p r o p e r t i e s  

i s  more complete. 

W e  would a l s o  suggest  t h a t  t h e  readout  i n t e r v a l s  of 5 

min,, 1 0  min. o r  30 minutes be a v a i l a b l e  and t h a t  t h i s  t iming 

and one t o  t h r e e  switches f o r  h e a t e r  c u r r e n t s  be programmable 

f o r  a 2 4  hour per iod.  Experience has  shown t h a t  a s i n g l e  

v a r i a b l e  r e s i s t o r  f o r  RB (see Fig. 5) w a s  n o t  s e n s i t i v e  enough 

t o  allow t h e  readout  t o  be ad jus t ed  t o  wi th in  2 o r  3 counts 

( . 02  o r  .03"F).  This  l i m i t s  t h e  c a l i b r a t i o n  accuracy and w e  
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would suggest  t h a t  RB be replaced with 2 po ts  of widely d i f f e r i n g  

values  - connected i n  p a r a l l e l  - t o  improve t h e  c a l i b r a t i o n  

accuracy. Another worthwile f e a t u r e  (shown on d iag .  D-7-130B) 

i s  t h e  use  of a v i s u a l  i n d i c a t o r  o r  drum a t t ached  t o  each band 

s w i t c h  f o r  easy r e fe rence  during c a l i b r a t i o n .  
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Figures  



Fig. 1 Sample Data Sheet 24 



P l a t .  R e f . 1 4 7 . 6 3 ' 1  71.17OF 147 .85OF 71.18OF 

GXT 
GYT 
GZT 
AXT 
AYT 
AZT 
BST 

(T15)  INT 
B I T  
B2T 
B3T 
B4T 
B5T 
B 6T 
TO2 
TO9 
TO6 
T16  
T17  
T14 
FO 2 
F10  

2 / 1 9  1 1 0 0  2 /26  1 3 1 0  2 /19  2 /25  1305(1 :05PM)  

S e t  A s  i s  S e t  A s  i s  

4z?-Q4- - 

1 4 7 2 8  
1 4 7 3 3  
1 4 7 3 3  
1 4 7 2 5  

3 4 7 3 0  
1 4 7 1 0  
1 4 7 0 7  
1 4 7 2 2  
1 4 7 1 8  
1 4 7 2 6  
1 4 7 3 0  
1 4 7 2 5  
1 4 7 2 0  
1 4 7 1 7  
1 4 7 0 3  
1 4 7 4 9  
1 4 7 2 9  
1 4 7 3 4  
1 4 7 3 8  
1 4 7 6 5  
1 4 7 7 1  

0 9 8 9 0  
0 6 9 9 1  
0 7 0 6 2  
0 7 1 3 0  
0 7 1 2 9  
0 6 3 7 3  
0 6 6 1 9  
0 7 1 1 8  
0694d  
0 6 8 9 6  
0 6 9 2 2  
0 6 9 1 3  
0 6 9 3 6  
0 7 6 8 6  
0 6 7 0 5  
06704  
0 7 0 8 1  
0 7 1 0 1  
0 7 1 3 9  
0 7 0 3 2  
07103 
0 7 0 9 5  

F04 
F 0 6  
F 0 5  
F07  
T10 
T12 
T 1 3  

FO 9 
F11 
F12  
F15 
F 1 4  
F 1 3  
F 1 7  
KO2 
K O 1  
K 1 1  
K 1 3  
K14 
K16 
K17 

.T11 

1 4 7 8 2  
1 4 7 8 2  
1 4 7 3 3  
1 4 7 7 5  
1 4 7 7 5  
1 4 7 6 5  
1 4 7 9 4  

-Q&J§.?--"- 
1 4 7 9 9  
34345-- 
1 4 7 9 0  
1 4 7 9 5  
1 4 7 9 3  
1 4 8 0 5  
1 4 7 8 7--- 
1 4 7 9 6  
1 4 7 9 1  
1 4 7 9 3  
1 4 7 9 4  
1 4 7 9 7  
1 4 7 8 8  
1 4 7 9 8  

0 7 0 9 3  
0 7 0 9 3  
0 7 0 7 3  
0 7 9 3 5  
0 7 2 1 5  
0 7 1 9 6  
05894  
$..478 
07069  

---%§643 
0 7 0 5 6  
0 7 0 8 9  
0 7 1 3 2  
0 7 1 2 3  
0 7 1 6 0  
0 7 1 4 6  
0 7 1 3 9  
0 7 2 1 7  
0 7 1 9 9  
0 7 1 7 8  
0 7 1 6 8  
0 7 1 6 3  

"Set" means t h e s e  temps, w e r e  trimmed with a d j u s t i n g  pots (over  

a pe r iod  of 1 hour) to  agree  wi th  t h e  "platinum reference."  

The IMU system w a s  enclosed i n  an i n s u l a t i n g  Styrofoam box 

i n  a chamber s e t  f o r  15O0F. " A s  is" temperatures w e r e  

recorded wi thout  adjustment  2 6  hours a f t e r  the  d a t a  runs 

and a f t e r  a l l  h e a t e r s  w e r e  tu rned  off-without  t h e  Styrofoam box., 

GXT and AZT f a i l e d  dur ing  tes t  

T11 and F11 f a i l e d  be fo re  t e s t  

Fig. 2 Typical  temperature  readings f o r  c a l i b r a t i o n .  
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MIT-MSL 
Proj. 71511 
J.T. Egan 
2/24/70 

These parameters were selected for automatic read out during 

thermal tests on Strapdown IMU Package (Honeywell Drwg. DGG 8066A1). 

The 31 values are typed out every 10 minutes. 
MIT-MSL 
Dwg. No. 

*GXT = Gyro X axis temperature C-7-145A 

GYT = Gyro Y Axis temperature C- 7-14 5A 

GZT = Gyro Z axis temperature C-7-145A 

AXT = Accelerometer X axis temperature C-7-141 

AYT = Accelerometer Y axis temperature C-7-141 

AZT = Accelerometer Z axis temperature C-7-141 

BST = BSR-1 Temp. sensor near block temp. con- D-7-115 

trol blanket. Honeywell Dwg. D34003327 

INT(T1.5)- Thermal impedance (side nearer block) A-7-157 

**GXC = Gyro X axis heater current (50 ohms) C-7-145A & D-7-108E 

GYC = Gyro Y axis heater current (50 ohms) C-7-145A & D-7-108E 

GZC = Gyro Z axis heater current (50 ohms) C-7-145A & D-7-108E 

AXC = Accel. X axis heater current(l35 ohms)C-7-141 & D-7-108E 

AYC = Accel. Y axis heater current(l35 ohms)C-7-141 & D-7-108E 

AZC = Accel. Z axis heater current(l35 ohms)C-7-141 & D-7-108E 

BSC = Control heater current (Honeywell 
Dwg. D34003327 (12 ohms) 

D- 7- 14 2 -B EPC = Dummy electronics Pkg. Heater current 

* Typical temperature read out 14721 = 147.21OF. 
(30 ohms) 

(also = -14721 volts) 

** Typical current read out 03000 = 0.300 amps 

FIG. 3 .  SENSOR IDENTIFICATION PG. 1 
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B I T  = SR-1 Temp. 

B2T = SR-2 Temp. 

B3T = SR-3 Temp. 

B4T = SR-4 Temp. 

See Honeywell dwgs. 
D34003327 & -3348 Pg.3 
& MIT-MSL Dwg. D-7-115 

B5T = SR-5 Temp. 

B6T = SR-6 Temp. 

TO2 = A i r  temp. around Gyro block 

TO9 = A i r  temp. i n  t es t  chamber 

TO6 = Outer Mounting Frame 

T16 = Therma l  impedance ( s i d e  away from block) 

T17 = Thermal  impedance (RIM) 

T14 = Dummy e l e c t r o n i c s  package a t  mounting 

su r f  ace 

D-7-117 

D-7-117  

D-7-117 

A-7-157 

A-7-157 

D-7-142B 

F2 = Inner  w a l l  temp. of base (mounting frame) D-7-116 

F10 = Gyro adapt ing  block temp. 

STD = S e t  t o  58500 counts.  C-7-12 5D 

0-7-115 

Monitors b r idge  supply vo l t age  and vol tage  

t o  frequency conver te r .  A l s o  serves a s  an 

"End of Scan" Ref. f o r  punched tape .  
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These parameters w e r e  s e l e c t e d  for  occas iona l  readout 

Dwg. # F04 = Leg on base S W  corner  near  high thermal r e s i s t a n c e  

mount f o r  block D*7-116 

F06 = Mtg. Lug on block near  high thermal r e s i s t a n c e  

mount p o s t  D-7-115 

F05 = Mtg. Lug on block NW corner  D-7-115 

F07 = Mtg. Lug on block SE corner  D-7-115 

T10 = Outer wa l l  temp. of electronics housing D-7-14 2-B 

T12 = Center of e l e c t r o n i c s  pkg. housing D-7-142-B 

T13 = Heat source wi th in  dummy e l e c t r o n i c s  pkg, D-7-142-B 

B1C = Block g rad ien t  h e a t e r  c u r r e n t  -BGH-1 ( 2 8  ohms) 

B2C = BGH-2 (52 ohms) 

B3C = BGH-3 (52 ohms) 

B4C = BGH-4 (52 Ohms) 

B5C = BGH-5 (52 ohms) 

B6C = BGH-6 (52 ohms) 

See Honeywell Dwgs. 
D34003327&-3348 Pg.3 
& MIT-MSL DWg. D-7-115 

D-7-14 2-B 

D- 7- 11 5A 

T l l  = Near o u t e r  w a l l  of e l e c t r o n i c s  housing 

F09 = Gyro adapt ing  block - may be mounted i n  any 

one of t h e  3 p o s i t i o n s .  (See F10 on automatic 

readout  record)  

F l l  = Same as F09 D-7-115A 

F12 = Same a s  F09 D 6 7  -1 15A 

F15 = X a x i s  accelerometer  mounting block C - 7 - 1 4 1  

F14 = Y a x i s  acce l .  Mtg. block C-7-141 

F13 = X ax is  accel. Mtg. block C-7-141 

F17 = Lower o u t e r  corner  of block near  X a x i s  Gyro D-7- 11 5A 

FIG, 3. P G .  3 
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KO2 = Block temp. near  f o o t  of Y a x i s  gyro 

KO1 = Block temp. near  f o o t  of Z a x i s  gyro 

K l 1  = Block temp. under Z a x i s  accel. 

K 1 3  = Block temp. under Y ax i s  acce l .  

K 1 4  = Block temp. near f o o t  of X a x i s  gyro 

K16 = Block bottom f l ange  under Z a x i s  gyro 

K17 = WEB on block.  Block web on X and Y gyros.  

D-7-115A 

D- 7- 11 5A 

D- 7- 115A 

D-7-115A 

D- 7-11 SA 

D- 7- 11 5A 

D-7- 11 5A 

F I G .  3 .  PG. 4 
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4 4  1.03973 

.91303 5 
h . >161S 
, e 01.93 7 
H .922.55 
9 e 92571: 

P 

V 

45 l.Ck307 
4 6  1,04643 
147 1..@4974 
143 1.0533::: 
43 1.05641 

- 2 5 87. ?i. 5 
- 2 4  * s22:1:r 
- 2 3  .Y2333 
- 2 2  e 5 2 8 4 2  
-21 .1;3L53 

- 5 3 -  . 73332  
- 5 2  e 73537 

3 '  ,993ri7 
31 .93673 
., 71 - 1.03!120 
3 3  1.00330 
31, l.@C?550 

7 9  1.1?791 
71 1.13137 
7 2  1.1343!+ 
73 L.13S3L 
74 1,14178 

, b j  .75773 
-44  ,76078 
-43  .7538r; 
- 4 2  .76689 
-41 .76935 

- 5  -88142  
-b e 85455 
- 3  .65771 
- 2  .S.3037 
-1 .59403 

,is 1,0039L 
36 1.01321 
37  L.01651 
33 L.o:58L 
33 1.02312 

75 1.19524 
76  1.L437L 
77 1.1.5218 
78 1,15563 
79 1.15921 

NOTE: RT = !?32 



1 2 9  1.30707 
1 2 1  1 . 3 1 C i 7  
122 1 . 3 ik!+S  

23 1. ?,i82L( 
134 1.32209 

1 7 :  1.439ijb 
7 7 1  L .  50364 
1 7 2  1.507!:.5 
? 73 I * 5F?.-:S 
17L( l.SL5,iG 

200 
231. 
2 0  2 
203 
20 4 

23 5 
206 
20 7 
2')8 
?33 

21 0 
2 1  1 
2L? 
31 3 
71 4 

21 5 
21 6 
21 7 
2! s 
21 9 

:! 2 fl 
2 2 1 

? 2 3 
2 2 4  

2 2 5  
2 2 6  
227 

3 3  -l .. #. . 
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9 
1 
I 

p l l l . o l s p . p . p - @ L D - o  

I Decade R e s i s t o r s  , 

( e a c h )  

I S T  

I 

I n c l u d e d  i n  Leeds & N o r t h r u P  
#4725 B r i d g e  

N O T E :  The " 3  l e a d  s e n s o r "  i s  c o m p l i c a t e d  by t h e  
r e q u i r e m e n t  t h a t  t h e  r e s i s t o r s  o n  t h e  l e f t  
s i d e  a r e  1 0  t i m e s  v a l u e  o f  t h o s e  on r i g h t  
s i d e  of  b r i d g e .  A t  1 v o l t  i n p u t  v o l t m e t e r  can 
d e t e c t  0 . 1  ohm c h a n g e  i n  R B .  

= c = T ( O F )  R B  
1 0  x 4 7 1 . 8 6  

f rom F i g .  7 i n t e r p o l a t e d  a s  r e q u i r e d .  

FIGURE. 6 BRIDGE CIRCUIT F O R  PLATINUM R E F E R E N C E  T H E R M O M E T E R  

*MIFlCO P r o d .  C o . ,  #31A, F a c t o r y  C a l i b r a t i o n  469 .76Q a t  3 2 . 0 0 " F .  
M.I .T .  C a l i b r a t i o n  e q u i v a l e n t  t o  471.86Q 
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T (OF.) RATIO T (OF.) RATIO 

-20 
-10 
0 

+10 
+15 
+20 
+21 
32 
33 
34 
35 
40 
45 
50 
55 
60 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
80 
85 
90 
95 
100 
105 
106 
107 
108 

.88438 

.go670 
e 92898 
95121 
.96232 
.97341 
e 97562 

1.00000 
1.00221 
1.00442 
1.00663 
1.01769 
1.02874 
1.03979 
1.05082 
1.06184 
1.07286 
1.07506 
1.07726 
1.07946 
1.08166 
1.08386 
1.08606 
1.08826 
1.09046 
1.09266 
1.09486 
1.10586 
1.11683 
1.12780 
1.13875 
1.14970 
1.16064 
1.16283 
1.16501 
1.16720 

109 
110 
111 
112 
113 
114 
115 
120 
125 
130 
135 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 
151 
152 
153 
154 
155 
156 
157 
158 
159 
160 
165 
170 

1.16939 
1.1.7158 
1.17377 
1.17595 
1.17813 
1.18032 
1.18250 
1.19341 
1.20433 
1.21521 
1.22610 
1.23698 
1.23915 
1.24132 
1.24350 
1,24567 
1.24784 
1.25001 
1.25218 
1.25436 
1.25653 
1.25870 
1.26087 
1.26304 
1.26522 
1.26739 
1.26956 
1.27173 
1.27389 
1.27606 
1.27823 
1.28039 
1.29122 
1.30205 

FIG. 7. Condensed "Resis tance Rat io  Table f o r  S t r a i n - f r e e  
Platinum Resis tance Thermometers" Table No.2-11 Pages 

From: Minco Products C o . ,  Minneapolis, Minnesota. Dated Oct.31, 1966 
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b- 
REF. D-7-116 L, 

\ 

MEASURED A I R  GAP SMALL SIDE -025'' 
LARGE SIDE . 0 3 4 "  
(SEE D-7-118A) 

/ 

I 

SEE NASA-ERC DWG, F-69-10 

ALL 3 SENSORS RdF BN200 
200 s2 C.P.NICKLE 
(RECESSED .015" DP. I N  STN. STL.) 

BLANCHARD GRIND PER A-7-150 
4 SURFACES 

F I G .  8 ,  DWG. A-7-157 
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EX PE R I M EN YA L AST R O  N QMY L A  EQ R A T 0  I-iY 

c 

I 

I 

Dwg. A-7-147 
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Dwg. A-7-137A 
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/ /P- 

7'-6 

+ 4  
$-IO 

5-23 

3 5: 

! 



/,3 G YO. +YD 

60 
I 
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Figures 
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