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ABSTRACT

Seventy-eight plasma spray runs were made during this quarter.

Half of these (39) were machined to phase-shifter dimensions and annealed

before and after machining. Microwave testing was completed on 10 of

these. For samples produced in the latter part of the qu art er typical valu es

of microwave phase shift are 370° - 420°, a considerable improvemen t over

the previous quarter (— 300°) and above the contract specification s of 340°

saturation phase shift. Insertion loss in these phase shif ters is 0 . 6  - 1. 5dB

within the range of the contract goal (1 dB) .

We attr ibute the improved performance to refinements in vendor

machin ing to give uniform ferri te wall thickness and improvements in spray

techniques which hav e reduced cracking, and the avoidance of distortion s

during spraying due to temperature and alignment problems. Development

of an X- ray fluoroscopic technique for nondestructive samp le analysis has

been invaluable in sorting out the causes of poor magnetic properties in

earlier samples.

I ,.

‘~ ; 
1

I:. V
I~~~~~~) 

1 , 

.~~~~~~~ - _ _  _ _ _



I TABLE OF CONTENTS

Page

ABSTRACT V

LIST OF ILLUSTRATION S viii

LIST OF TABLES ix

GLOSSARY xi.

1.0 PURPOSE I

2 . 0  NARRATI VE AND DATA i

2. 1 Preparation and Testing of Startin g Materials 1

2. 1. 1 Dielectric materials de velopment 1

2. 1.2 Ferrite powder evaluation 5

2. 2 APS Experiments at Raytheon 8
2. 2. 1 Equipment modifications 8

2. 2. 2 Plasma spray run s and hysteresis properties on

machined samples 11

3.0 CONCLUSIONS 21

k 4 . 0  PROGRAM FOR THE NEXT INTERVAL 21

5. 0 IDENTIFICATION OF PERSONNEL 22
APPENDIX A - X-Radiography of Plasma-Sprayed Boules 2 57 - 2 9 5

AP PENDIX B - X-Radiography of Phase Shifters 137-329

p.
4-

I~
Vii  ~~~~~~~~~~~~ ,.~~~~

_



~

-1

LIST OF ILLUSTRATIONS

Number T itle P~g~

1 Location of the Slot in Two-Piece Dielectric 3

2 Stainless Steel Clips on the Ends of a 4
Plasma-Sprayed Sample

3 SEM Photograph of G-4 Powder 6

4 SEM Photograph of G-5 Powder 7

5 Pedestal Tube Assembly for Arc-Plasma 10
Spraying

6 Diagram of Metal Supporting Plat es and 12
Interconnected Equipment

7 Some Recent Sam ples (APS 284 -296) 20

viii 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



~~~~~ — 

. -w—~~~~ ——
~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~ 

~r ‘
~~~

6~ 
. _— . ..

~

‘B,

LIST OF TABLES

Number T itle Pagç

1 I Arc Plasma Log 13

ii Hysteresis Dat a on APS Runs
2 62 -295 17

t .
£ 

ix 

_. 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~ - , - _~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



---,

~

. ——--.

~~~~~~~~

1 . 0  PURPOSF

The purpose of this progra m is to develop a m anufac tu r ing  capabil i ty

for produci ng the Patriot phase shifter element by arc-plasma spray ing of a

Li -Ti - fe r r i t e  onto a die lectr ic  substrate.  The p r imary  objective is to pro -

duce  the phase control  element as a f in i shed  composit ion with acceptable

microwave properties and a reasonably high yield.  To achieve sound com-

posites , one of the properties needing  constant  monitoring is the match in

t he rma l  expansion coeff ic ient  between the f e r r i t e  coating and the dielectr i .

..\ second important area for control and reproducibi l i ty  is the thermal  en-

vironrner it  during spray ing. Thermal  condit ions are inf luenced mainly  by

arc cu r ren t , the gas veloc ities , and the substrate- to-gun separation dis tance .

Final ly ,  to achieve a low unit cost , it is necessary to improve yield and re-

duce machining costs by working with local machine shops to impro~-e over-

all e f f i c i ency .

2 . 0  NARRATIV E AND DATA

2. 1 Preparation and Testing of Start ing Materials

During this quarter , attemç~ts to optimize properties led us to use ,

in most spray runs , h igher  magnetization f e r r i t e  powder (4~ iIs1 = 1230

gauss) and two d ie lec t r ics  very similar in composit ion and the rmal  expan-

sion. By employing specific dielectric and ferr i te  compositions , we can

also standardize condition s to help solve a serious problem in phase sh i f t e r

yield. The problem , discovered dur ing  this quarter , is the dis tor t ion , or

bowing,  of samples d u r i n g  h i g h - t e m p e r a t u r e  processing. Such dis tor t ion

appears to ar ise  from spray techn iques and r o t a t i o n- t r a n s l a t i o n  equ ipmen t .

These fac tors  will be discussed in later sections , af ter  propert ies  of the

f i r e d  d ie lect r ics  and the fe r r i te  powder are described.

2 . 1 . 1  Dielectr ic  mater ia ls  development

~\ number  of large ( 1 kg) bars  of d ie lec t r ic  were f i r ed  and machined

into  substra tes  for the APS process. In ear l ier  orders the broad cross-

1 



sectional dimension of the cen te r  slot ran across the ioin of the two dielec-

tric halves (Fig. l a) .  Now all machining orders specify that  the broad di-

mension of the center  slot lie in the plane of the join of the two halves

(Fig. ib) .  There were three reasons for  this  change: ( 1) less breakage

dur ing  handlin g and spraying due to the th i cke r  cross section , (2 )  less

• 
. 

in te r fe rence  with microwave propagation because length of the slot parallels

the maximum microwave E-f ie ld  at the center cavity , and (3 )  less problem

in threading wires if the  two halves are slightly offset .

Of course , we t ry  to avoid any offset  between the dielectr ic  ha lves

because it results in local thinning of the fer r i te  wall , which decreases Br
and phase shift. Offset also provides discontinuity in which cracks  in the

fe r r i t e  can propagate alon g the length of the phaser.

Fortunately, the stainless steel cli ps that we push on the ends of the

dielectric (A and A l  in Fig. 2) generally prevent  offset  of the two halves.

However , the two halves separate or bow apart by .005 in. in the center

region of the sample. Apparently,  the force of the plasma spray spreads

the pieces apart. Although we can reduce the problem somewhat by moving

the clips in as far as possible , it cannot be eliminated with the present

geometry.

The two dielectric compositions used primari ly this quar te r  were

LMTAF 2 0 0 ( 7 A )  and LMTAF 200 (4 ) .  Both have the same Li-Ti  content

(x 1 . 0) ,  but the former  has less Al 203 substitution (w 0. 07 )  than the

lat ter  (w = 0. 1 5) . The composition formula  is Li Mn Ti .Al -. 5+x/ 2 .10 x w
Fe 0 and the expansion coeff icient  at 1000° C (f rom the F i f th2 . 4 - 3 x / 2 - w  4
Quarterly Report , Table I) for w 0.07, o’

~~rnc1c~ 
= 15. 2 ppm ! ° (‘  and for

w = 0 .15 , 15 .0  ppm! °C . Other dielectric compositions used in

the ear l ier  part  of this qua r t e r  were I.~ 1TF 200 (2 ) ,  LMT .\F 1 90( 1 5.\ ) ,

LM TAF 180(33 ) , and LMTAF 19 5 ( 1 OA ) , where the values of a r e spec t ive ly

are 15. 4, 14.7 , 14. 7, and 15.0 in ppm/ °(‘. There appears to be no

systematic trend between the composition and the expansion coe f f i c ien t  of

the d ie lec t r ic  and the magne t ic  propert ies  of the phase sh i f t e r s .

2
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Figure 2 Stainless Steel Clips on the Ends of a Plasma-Sprayed
Sample.
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Our cur ren t  main concern is max imiz ing  yield of the d ie lec t r i I~2 pieces
per bar , maintaining a fine-grained homogeneous znicrostructure for strength.
The best yield to date is 35 dielectric pairs per bar , using about 32 percent
of the original bar. Considering saw kerf losses (0. 020 in. ) and final  re-
duction to size by grinding (0. 010) ,  we could expect a yield no greater than
45 percent for such small cross-section pieces. An additional material  loss
of about 30 percent occurs in the final phase shifter  as we crop the length of
the dielectric from 7. 5 in. to 5. 145 in. Thus , the ul t imate yield of a useful
dielectric is about 22 percent.  This is comparable to the present yield from
the ori gin al spray-dried fe r r i te  powder , starting from the initial fer r i te  powder
and proceeding to the finished phase sh i f te r .

2 . 1 . 2  Ferri te  powder evaluation

The two fer r i te  powders used for APS run s this quar ter  were
LMTF 50(G-4) for about one-third of the 80 runs and LMTF 4 7 5(G-5 )  for
the remainder of the runs. The former has a higher Li -Ti  content
(x = 0. 50) and lower 4~rM 5 N-1175  gauss) than the G-5 , in which x = 0 . 4 7 5
and 4i~M 5 = 1230. When conventionally f i red ( d >  99 percen t) ,  the magnet-
ization of both ferri te powders is higher (— - 1250 and 1330 gauss , respectively) .

SEM photographs ori ginally at 400x  for the G-4 and (~~~5 spray-dried
powders are shown in Figs. 3 and 4. The sprayed powder collects either

in the original settling chamber or in the cyclone separator located on the
air exhaust line. The spray-dried balls of powder from the chambers  have
larger d iameters  than most of the balls of powder f rom the air exhaust  line ,

c which is carried fur ther  in the hot gas stream . However , the photographs
clearly show a much wider size distribution in the fines fract ion because

chambers  size ’ part icles are carr ied  by the gas stream. Al though the
s ize  d i s t r ibu t ion  has not been analyzed b y par t ic le  coun t ing,  it appears to
be similar  to the G-3 f e r r i t e  powder processed identically (see the Third
Q u a r t e rly  Report , F i g s . 6 and 7) . Average diameter for G-3  powder in the

fines f ract ion was 5g~m and for the chambers f ract ion , -8~A m .
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Figure 3 SEM Photograph of G-4  Powder. Left: Fines Fract ion .
Right: Chambers Fraction . ~~295
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Figure 4 SEM Photograph of 0-5 Powder. Left: Fines Fraction .
Ri ght: Chambers Fraction . X 2 9 5



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
i’~:i’~~~~~ 

-
~~

In the APS process we have found empirically that screening through

a 170 -mesh ( 88-Mm ) sieve gives a smooth-f lowing powder. One (‘an see that

very  few particles exceed 88~~m: the screening probabl y b reaks  up aggregates

ra ther  than separating any s ignif icant  number of big p a r t i c l e s .

2 . 2  APS Experiments at Rajtheon

2. 2. 1 Equipment modification s

The plasma spray holdin g furnace and spray chamber were used

without modification in basic configuration s durin g this last q u a r t e r.  With

the change from a cylindrical spray chamber at the end of the fourth quar ter

to a lon ger rectangular oven we had reduced the turbulence of the overspray

powder and problems arising from buildup on furnace walls. The amount of

electrical power in the larger chamber has been adequate to maintain 700° C

durin g spray in g but the recovery time after sample t ransfer  is slower than

we would like. During spraying,  the heat from the plasma supp lements the

electrical heat ing,  but dur ing t ransfer , temperature drops approximatel y

100° C from heat t ransfer  to the pedestal tube. The latest plan calls for

more heating elements and an additional volume increase in the spray

chamber to fur ther  reduce turbulence of spent powder and the t empera ture

excursions dur ing sample transfer .

On October 30 the contract  called for the de l ivery  of 20 c o n f i r m a t o ry

samples before moving into the product ion phase. We found , u n f o r t u n a t e ly ,
that almost all the phase shif ters  intended for de l ivery  w e r e  approximate  lv

L 20 percen t deficient in remanent magnetization (B r
) and phase sh i f t .  m i -

tially we could find no consisten t relat ionship between d i e l ec t r i c  composi-

tion and spray condition s , on one hand , and Br~ 
on the o t h e r , to exp lain

our observations. It was not until  we per fo rmed  sec t ion ing  and , l at e r ,

X-radiography that we found the cause of the problem: N o n - u n i f o r m  fer-

r i te  walls produced by warpin g and bowing of the sample , appa r en t ly

fr durin g the spray process , since the dielectr ic  is mach ined  s t r a i g h t  before

processing and the sprayed boule is machined to exact  e x t e r n a l  d imens ion s

_



after spraying. Photographs of all of these low~
Br phase shif ters  are shown

in Appendix B.

By applying X-radiography as a quali ty-control  tool , we believe tha t

one of the contributing factors to sample distortion is the imperfect  function -

ing of the rotation-translation equipment. By caref ul measurement we found ,

for example , that the position of the top end of the pedestal tubes varied as

much as 0. 200 in. in the horizontal plane with successive up and down cycling.

The top of the substrate , which extends approximately 7 in. above the pedestal ,

would show even more variation in position . \Vith a plasma spray con e
approximately 0. 5 in. in diameter at the deposition site , any such i r regular i ty

in position would clearly cause an asymmetric deposit pattern .

We theorized that radial nonuniformities in the deposit pattern would
produce differential temperatures and differential  strains , which could pro-

duce the warping observed. This situation could be controlled by a more

exactly aligned system.

Earlier work at ECOM Laboratories yielded good phase shif ters  with

irregular rotation . However , the equipment in our laboratory is d i f fe ren t ,

and so are the requirements.

l
~

re have rebuilt the rotation and translation equi pment in our labora-

tory to improve the reliability of sample translation relat ive to the present
system. It will be installed after the confirmatory samples are delivered.

A photograph of the new pedestal tubes assembly is shown in Fi g. 5. The

tube and rot at ional drive motor move up and down on the rectan gular block
(b ) ,  which is guided by linear bearings within the block and the two vert ical

guide rods (g) . The end of the pedestal tube (p ) is made to rotate on axis

by screw adjus tments  on two metal  disks at the base of the tube having a

0. 5 in. steel ball captured in re ta in ing slots between the disks. This

pedestal assembly,  which has level ing screws at the base , will  sit on a

steel plate , which is attached to metal  rods suspended from a metal  plate.

9
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Figure  5 Pedestal Tube Assembly for Arc -P lasma  Spray ing.
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This metal  plate , in turn , underl ies the plasma spray fu rnace and the upper

holding oven. Such an elaborate arrangement of metal support plates and

interconnected equipment (shown schematicall y in Fig. 6) is designed so tha t

the pede stal assembly (ped ) and spray and hold in~ oven s are in t e r connec t ed

and cannot move independently.

Ve ry possibly,  the substrate may still wobble at the free  end. If h

does , we will introduce an upper idler bearing (see dashed lines) to capture

the free end. In this scheme a graphite part rep laces the upper metal cli p

and provides a conical tip for rotation within the bear ing  tube.

This bearing assembl y was built  and tested on November  22 (A PS

252-256 )  with our own original translation equi pment .  Alignment , however ,

was simply not good enough , and all the substrates except for APS 252 were

broken by misalignment stresses.

~1e hope that it will n ot be necessary to use the upper  bearing to

avoid substrate wobble , that  is , that the improved pedestal  assembly (Fig. 5)

will be suff ic ient .  However , we are proceeding to in terconnect  the support-

ing p lates (Fig. 6) , so that , if necessary,  the upper bearing can be used.

Our objection to the bearing is that  it would have to be removed after each

run for sample t ransfer  into the holding oven. We have arranged for exact

repositioning, but the bearing would be hot (600 ° C) and d i f f i cu l t  to maneuver .

2. 2. 2 Plasma spray runs and h~~~ter e sis  proper t ies

~~~. ‘ on machined samples

Plasma Spray runs 218 through 296 were completed in this quarter .

The APS condition s are summarized in Table I . Hysteresis data  were

taken on man y of these samples. APS samples from 137 to 239 t those  orig-

inally intended for confi rmatory samples) were X-rayed  to evaluate the

contr ibut ions  of cracks and wall nonuniformit ies  to B .  The results of this

s tudy and the X-radiographs are included in A ppendix A.  Samples 239

through 256 represent a t rans i t ion period , in which tests were  made to

11 
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• identif y the causes of subst ra te  warp ing and during which an upper b ear in~
assembly was buil t and tested in an effort to avoid warping.  The upp er

• hearing was generally unsuccessful  because of al ignment problems , and many

dielectric rods were broken.  In December we cont inued wi thout  the bear ing

assembly (APS 257 et s e q .) ,  using X-radiography to weed out the warped or

cracked samples before machining.  The radio grap hs of sprayed houle~
(APS 257-295 )  are shown in A ppendix A .  The let ter  H indicates that  tH~
photograph was taken in a direction perpendicular to the join of the dielectric
halves; V signifies a photograph taken parallel to the join .

Runs 262 et seq. , made of the G-5  powder exclusively, provided

samples that  produced bet ter  phase shifters . Typical phase-shi f ter  values

in this series are 400°, which is well above > 340°, the program goal. This

was accomplished with a ferr i te  having 4~ M
~ 

1230 gauss in plasma-sprayed

form.

2 . 2 . 2 .  1 Description of individual runs

The spray run on October 6 (see Table II) was the f i rs t  a t tempt  to

use the new spray-dried G-5 powder . Mechanical problems such as ai r in
the hydr au lic line , arc curren t fluctuations , and poor clamping by the pe-
destal laws produced generally poor samples.

On October 11 and 12 we again tried spray runs with the G-5 powder

and various substrates.  In these two runs we had diff iculty with the powder

spray pat tern , which was eventually traced to a defect ive  anode and cathode .

Two good samples were produced on October 11, one of which (APS 224 )  was

b roken in handling . The second samp le , APS 225 , was a good specimen,
- 0with B = 71o , i~~~~ = 365 , and I .L .  1.1 dB (see confirmatory report) .r

On October 13 we again had mechanical diff icult ies with powder

leaks in the feed hopper and , f inal ly, hea te r  element fai lure , which ended

the run.  The ferr i te  powder (G-5)  was also clogging the nozzle of the

plasma spray gun , desp ite screening and dry ing at 60°C.

On October 14 and 15 we had our f i r s t  reasonably successful  runs

of this qua r t e r .  Spraying at 3. 25 i n . ,  the deposit ra te  was rather  slow

16 
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TABLE II

HYSTERESIS DATA ON APS R I N S  2 6 2 - 2 9 5

6 Amps  Drive 15 Amps Dr ive  •Sample H B H B Pnase ~h i1~
No. c r c r 15 Amps 1)ri ’ . ’ e

262 1.91 733 1.88 796
263 2 . 4 1  630 2. 57 706
264 2 . 5 0  737 2. 73 823

268 1 .67  178 2 . 8 9  696

269 1.47 138 2. 75 704

270 1.89 319 2. 36 754

272 1.88 172 2 .84  710
273 1.80 220 2 . 8 1  745

274 1.84 201 2. 67 751 380°

275 1.80 321 2 . 3 7  64 1

276 1 .70  248 2. 32 725
277 1 .56  433 1 .93 764 380°

279 1 .76  150 2 . 8 3  782 41 6’

280 1.92 181 2. 62 535
281 1. 93 274 2. 63 795 4 10°
282 1.96 285 2.82 821 423°

284 2.10 364 2.58 7 57

286 1. 96 467 2. 39 771

287 1 .94  354 2 . 2 6  670

288’~ 2.07 358 2. 56 754

289 2 . 0 9  337 2. 69 792

291 1. 95 155 2. 91 739

293 1.81 134 2. 99 748

294 1 .86  149 2 . 8 7  800

295 2 . 4 4  274 2 . 8 4  726

17
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compared with later experience. In addition , we experienced some di f f icu l t y
with thermocouple malfunction . However , samples 231 , 234,  237 , 238 , and
239 produced r elat ively good phase shif t ers (see A ppendix A ) .

By mid-October we had found the warping problem to be r a the r  serious.
Af te r  trying and rejecting several techniques for evaluating s t ra ightness , we

F finally chose X-radiography and began photographing finished phase shif ters

• (A ppendix B) and as-sprayed boules as well (A ppendix A ) .

The October 22 run was planned to determine when the dis tort ion takes
place. Originally, we suspected that the bare dielectric rods were being de-
formed by a creep mechanism before the APS deposition . To reduce this pos-
sibility , we built a metal rig from whic h to suspend the rods before spraying.
Also the holding oven was turned down to a minimal value ( ‘-400 °C) during
spraying and shut down immediately thereaf ter .  The as-sprayed houles wer e
X-rayed  for straightness the next day before annealing.

The X-rays  showed two of the three APS samples (241 and 2 4 2 )

were bowed , proving that at least some distortion takes place d u r i n g  spray-

ing. We concluded that bowing is probab ly connected with uneven radial

powder deposition during spraying, wh ich likely occurs with  uneven rota t ion

of the pedestal and consequent wobbling of the substrate .

On November 22 we tried an upper-bear ing  assembly de sign ed t0

reduce the f ree-end  wobble of the substrates.  A meta l  f r ame  ~vas r - ig id lv

at tached to the bottom plate of the upper holding oven . A slot in the  me ta l

f rame allowed us to repeatedly position a large (3-in , d i a m e t e r)  s ta inless
steel bearing. A stainless tube slides vertically wi th in  th e b e a r i ng  and

make s contact  with a graphite part on the substrates (see Sec . 2. 1. 1) .

fo r tuna te ly ,  we could not maintain the a l ignment  of th e  ped e s t a l , and ( h I ’ l e (

t r ies broke , usually near  the comp letion of a spray session. We conc luded

that we could not use the upper bearin g assembly unti l  we s i g n i f i c a n t ly  im-

proved the lower pedestal a l ignment.

Of the samples .\PS 2 4 5  - 2 56 , only APS 2 52 , a one-p iece die lec t r ic ,

18
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survived spraying without failure . This sample brok e U~ due to exp: in sion
mismatch on cooling.

The December 6 run made use of the LM TF  50 ( G-4)  powed er , whic1~
we knew had good flow characteristics and eliminates problems connected
with poor flow. Sample 257 was sprayed from the top down (our u s u a l
practice), whereas 258 and 259 were sprayed from the bottom up. The radio-
graphs show extensive cracking in 258 and nonuniform longitudinal depOHition
in 259. Samp le 260 had a necked area due to powder clogging in the c n n .
Deposition of APS 261 looked good until the powder ran out.

I

On D ecember 9 we began using the G-5 powder , a f te r  addit ional
drying and screening, producing a series of samp les under fai rly standard-
ized conditions . Warping shows up in APS 262, 273, and 27 8, but the others

are quite straight. Sample APS 280, sprayed by the nonco nvention al bo t tom
up method , shows abundant cracks due to thermal shock. A photograph of
some of the more recent samples (APS 284-296) is shown in Fic. 7. The

samples are embedded in zirconia sand to avoid any possibility of warp in~
due to gravity settling during the 1015°C anneal .

Table II gives hysteresis data on APS runs 2 6 2 - 2 2 5 .  The se d a t a
represent a chang e in measurement procedure from two to one turn  of l i i .

wire. Earlier hysteresis data reported as 6 and 15 amps drive actually hei

two turns , which means 12 amp- turns  and 30 amp-turns. In th i s  case a
sample showing > 340° phase shif t  had a B r > 720 gauss. For o n e - t u r n -
drive phase shif ters  (see Table III) Br = 650 gauss , cor respond inc  to
phas e shift .  The saturat ion phase shif t  for 5 of the 25 sa m ples is given in
the last column.

in



—

r
— 7 7 — 1 n

-
~, i~~ v1~~~~

F igu r e  7 Sorn i  It ~‘ani p Ies f \  P -  2~~4 - 2 ! 1 ) .



___________ _____________ — —- — 

“~‘ ,~~~~~ ‘ ‘ , r v  
— .-.,~r—---•-.-. .~~~ -~~~~

I. — ‘  - __— -•-- --.. 

— 
- -‘ — -

3.0 CONCLUSIONS

The re has been some very real progress made in th e  A PS process

this quarter. We have uncovered a major cause of the low Br in samp les

originally intended for the conf i rmatory  run . The original  series of runs

yielded 4 good samples out of more than 100 runs (39 of which were  machined) .

The predominant reason for low yield was warp ing of the element  d u r i n g  the

spray process. Another cont r ibu t ing  factor  the G-4 a fer r i te  powder , whose

saturation magnetization was slightly lower than the G-5 powder we sub-

sequently used.

We have not identified and quantified all the factors producing warp-

ing. However , we know that an uneven radial coatin g of ferrite is a factor

as is excessive spray temperature conditions.

We have developed a diagnostic technique to screen out cracked or

deformed samples before machining. This technique  will be invaluable in

uncover ing the spray condition s which lead to sample deformation.

In samples 262 through 296 (sprayed at the end of the quar ter)  the

yield improved substantially. Of the 35 samples sprayed , 22 were m ad e

into ful l-size phase shifters (Table II) ,  and 3 were bowed , necessitating

machining in two sections. Of the 22 samples 1 9 have a Br 
indicat ing

~~ > 340°C . The overall yield has been increased f rom about 4 percen t

to 54 percent .  If this yield can be maintained in the production run to
‘
t ; follow , the contractural  goal will be sat isf ied.

4. 0 PROGRAM FOR THE NEXT IN T E R VA L

The redesi gn and rebu i ld ing  of the  ro t a t i on- t rans l a t i on  equi pment

is underway at this wri t ing.  A f t e r  t he  instal lat ion is comp lete , we plan a

number  of spray runs to de t e rmine  w h e t h e r  re l iabi l ity  is improved and to

reproduce  the sample yields  obtained at the  end of this  q u a r t e r .
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\Ve will then await permission to proceed with the f ina l  product ion

phase of the contract .

We will also update the PERT chart for the  ent i re  contract  i n t e rva l
to reflect the scheduling changes in this quarter.

5.0 IDENTIFICATION OF PERSONNEL

The personnel who contributed to this production development  e f fo r t

during the sixth quarterly reporting period , and the manhours  worked by

each is shown below. Biographies of these personnel have been suppl ied in
previous quar ter ly reports.

Name Hours

.1. Van Hook 32

L. Lesensky I

W. Griff in  18

R. Maher 56
Others 176

Total 283

i.
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APPENDI X B

X-RADI OG RAPHY OF PHASE S H I F T E R S  137-2 39

l -~. I Introduction

We used a conventional  x - r a y  f luoroscope (H a d i f lu o r  360 ,

Torr  N - r ay  C o rp . )  to take the t r ansmiss ion  pho tograp hs of the pha se -

sh i f t e r  elements in two orthogonal d i rec t ions.  Sam ples w e r e  placed

d i r ect l y  on Kodak- type  U film and i r rad ia ted  at 80 K V  3 n iA  for  3-4

m i n u t e s  with lead screen intensif ic ation. Th is  produced f u l l - s i z e

nega t ives  with shades of gray,  depending on t r a n s m i t t e d  i n t e n s i t y .

The photographs shown on the data she ets are p rin t s of t hese ne~~~t i~~es

in w h i c h  the lighter areas indicate greater  x - ray  t r ansn ~is sinn .

Looking at the first (sam ple APS 137), the narrowest stri p

005 i n .)  in the center region represen ts  t r a n s m i s s i o n  by x- rays
th rough  the slot between the d ielec t r i c  ha lves .  At  a grea t e r  d i s tance

from the center (~~~ . 010 in. at e i the r  side) one observes  the sideb

of the central  wire slot. In th is sam ple f e r r i t e  powder has blocked

th is slot, especially in the region he tween  the  a r rows  in both p hotograp hs.

The next darker gray regions on either side of the centerline repre-

sents the dielectric material  plus f e r r i t e,  and the  ou t e rmos t  dark

strips are the f e r r i t e  sidewalls as seen from the edge on. In the

photog rap h on the right the join between dielectric halves lies in the

plane of the paper and is therefore not seen . The center ~tri p is

the . 040 in. wide dim ension of the center slot, the da rke r  group

r egions are die lect r ic , and the outermost strips are the  f e r r i t e  top

and bottom walls seen on edge. The d a r k e r  areas in the cen te r  slot

region indic ate f e rr i t e  powder clogging the  hole .  Th i s  is the  r e ason

hysteresis data were not taken. —
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In the  data tabulat ion s on each sam ple sheet, the thickness of

the t h innest  f e r r i t e  wall is recorded at d i f ferent  posi t ions and an

average value is calculated . We have made the assumption that t h e

value of Br 
for uniform 50-rn ii walls all around would be 800 gauss

(30 amp- tu rns )  wi th  the ( - 4  f e r r i t e  and 850 gauss (30 a m p- t u r n s)

wi th  the G-5  composi t ions.  If th e  walls are nonun i fo rm,  the  t h i n n e s t

wall will be flux-limiting, and we assume it will cover the value ~f
4 • 

H by the percentage proportional to the departure from a uniform

50-mil  wall. Other factors, such as longitudinal cracks or poor

density f e r r i t e,  doubtless also have an effect  on Br • The s imple

correct ion based on percent cross-sectional  reduction on the thin

wall region, however, has been a rather effect ive explanation of

reduced Br~ 
Its effect iveness is evident in a comparison of the

estimated value with the measured value.

B .2  Discussion of Individual  Samples

APS 137 had relatively uniform walls and probably would have been

a good sam ple were it not for the powder clogging, indicated between the

arrows.

APS 142 was onl y slightly bowed but broke in half (See arrow)

during handling.

• APS 143 had a thin wall , shown on the left  side of the r i g h t - h a n d

photograph. This was primarily a machining e r ror.

APS 146 had some bow and a thin f e r r i t e  wall on the far  left . The

wall t h i ckness  at the ends again indicates a m a c h i n i n g  e r ror.

A }~S 159 had a th in  f e r r i t e  wall,  again on the far left. Note that the

broad d imens ion  of the center  slot was perpend icu la r  to the  j o i n  be tween

dielectrics (see Fig. la), in contrast to previous sam ples.

13—2
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APS 161 had the same slot orientation (wide dimension pe rpend icu la r  to

join) as APS 159. The walls were more  nearly uniform than APS i~i9 ,

and the measured Br was — 100 gauss above the estim ated va lue .

~~PS 162 was very similar to APS 161 in both appearance and

\PS 164 was bowed in the weak direction (p hotograph on the r i gh t ) ,
-• where  the curvature  lay in the plane containing the thin (0.060 in.)

dielectric dimension . It was equally bowed in the s tr ong direct ion
(0 . 1 50 in . d imension of the d ie lec t r ic) .  This  imp l ies  that  the d is tor t ing
forces  were strong enough to bend the  sam ple in d i r ec t ions  dictated

by spray condit ions,  independent of the c ross -sec t iona l  g e o m e t ry

of the dielectric .

The ferr ite wall on the far r ight was v ery  th in  (only  5~ pe rcen~ of t~ic
ideal thickness).

APS 169 showed bowing, primarily in the strong cross-sectional

direction in the r ight-hand p~ graph.

APS 173 had a thin wall on the r ight side of t h r  l e f t - h a n d  } c t ~~t r a p d

The separation of dielectric halves, especial ly  toward the lower
hal f ,  was particularly evident .

A T’S 179 showed one very thin wall on the fa r  left , w h i c h  was p r i m a r i ly
a machining e r ro r,  but also due to bowing in the weak di rec t ion .

\PS 180 showed pronounced bowing in b ot d  orthogonal  views and a
th in  wal l on the fa r  r igh t .

•APS 1 81 was given an extra-high temperature anneal , and developed

some longitudinal c racks,  which  degraded Hr~ 
I 1ec ause lon gi tud inal

cracks  generally lie in the plane of the dielectric join , this typ e  is

usu ally not shown by the radiographs.

13-3 
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APS 182 had a .010 in. bow in the strong direction and essent ia l ly

none in the weak direction .

APS 183 had a bow B
r 

due partl y to thin  fe r ri t e  walls on the lef t

sid e of the left photograph and right side of the r ight .

APS 184 had a very low Br due to an extremely narrow wall on the

far  right .

APS 199 had a very low Br due p r imar i ly to the low- tempera ture

anneal , although wall uni formi ty  was also poor .

APS 198 again had no anneal.

APS 202 had a thin fe r r i te  wall on the far left and poor anneal ing

condition .

APS 204 was subjected to the same anneal as APS 202 and shows

low B .r

APS 205 broke near one end during handling . The fe r r i t e  wall on

the lef t  side of the r ight photograp h was as thin as .012 in.

APS 2 07 showed lens-shaped separations of the ferr i te  coating in L.

the left p hoto , hut strangely none on the right photograp h.

.\l’S 210 had a very thin wall due to bowing in the weak direct ion ,

as shown in the ‘oft  p hotograp h.

APS 211 was broken during handling. Other t r ansverse  c racks  are

seen throughout this  sam ple.

13-4 - 
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APS 213 had a very narrow wall (as narrow as .010 in. in the weak

direct ion) .

APS 215 was broken during machining and was finished as a short phase

sh i f te r .  No measurements  were taken because of problems thread ing

the w ires.

APS 216 had broken during the process at two places (see arrows).
Enhanced dielectric separation in these areas suggests that  s t rain

was relieved b y c racking.

APS 217 was cracked halfway through,  jus t  as APS 2 16 .  Disp lacement

of the crack edges (see arrow) again indicates release of internal

stresses.

APS 219 was the second element sprayed with  the G-5  powder.

APS 224 showed fe r r i t e  separation from the dielectric core and numerous

t ransverse cracks.

APS 225 showed some bowing in both direct ions,  but nevertheless

was a sat isfactory sam ple.

APS 227 showed bowing in the strong direction and separation between

fer r i te  and dielectric throughout .

APS 231 was free of f e r r i t e -d ie l ec t r i c  separat ions but had nonuniform
• walls.

•-\PS 234 showed very u n i f o r m  walls and a h igh  T3 r~

APS 237 was s i m i l a r  to APS 234 hut  showed som e how in the weak

di rec t ion  (lef t  p hotograp h ) .

H -5



APS 238 showed good wall uniformity, but the separation of dielectric

halves (left  photo) was more than APS 234 .

APS 239 showed some ferr i te -dielectric separation (see arrow)

and separation of insert halves, but the walls were reasonably uniform . 

-~~~•--~~~~- - -  - -
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— PBN-77- 105

A . P . S. 137

H = B = at ampere turns.
c r

Anneal: 10100 1. 5 hrs. 0
2

— 

- 
- Distortions:

• 
- .~~~— Bow: nil

Separation of insert halves: . 004 in. full length

Parallel to joi n ~~
Wide-slot dimension:

-~ 
• Perpendicular to join E

-

, 
- Thin-wall dimension s (mils):

¶ End: 45

Center: 42

I End : 42
Minimum: 42

Average: 43

Average thin-wall  dimension as percentage of

i d e a l . 0 50 ” : 86 percent.

Es t imated  B based on cross-section: B =
r r

COMMENTs:
No h ysteres is  data , f e r r i t e  powder obstruct ing slot (see area between

ar rows)  made th - eading wires  impossible. Ferr i te  coating too thin on

one co rner  over ful l  length.  No c racks .

- _ - _ -~~~~~ • --- ~~~~-~~~ - - - • -
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PBN-77- 106

A . P . S .  142

- H = 2. 50 B r 689 at 30 ampere turns.

Anneal:  1015° 2 hrs.  02
; 800° 2 hrs.  02

Distort ions:

Bow: . 003 in.
Separation of insert halves: . 003

Parallel to join ~~
Wide-slot  dimension:

Perpendicular to join ~~

Thin-wall dimensions (mils):

End: 40
Center: 43
End: 45

t Minimum: 40
- Average : 42. 5

Average thin-wall dimension as percentage of

ideal . 050” : 85 percent .

- 

E stimated B based on cross-sect ion:  Br = 680

F COMME NTS :
Sample broke in half (see arrow) . In weak direction machining was

slightly skewed , thinne r on left at top and on bottom right.

IL ~~~~~ ._-- 
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P B N -7 7 - 10 7

A . P . S. 14 3

- H = 2. 74 B r 626 at :~o ampere  t u r n s .

Anneal: 1010° 1. 5 hrs .  02
; 800 2 hrs .  A i r

Distort ions:

Bow: .004 in.

Separa tion of inser t halv es: . 00f in. for 2/  3 lengt h

Parallel ~o lo in ~~
Wide-s lo t  dimension:

Perpend icular to j oin E

Thin-wall dimensions (mils):

End: 37
Center:  36

• End: 45
— 

~- Minimum: 36
Average:  39

Average thin-wall  dimension as percentage of

ideal . 050 ’: 79 percent .

Est imated B based on cross-sect ion:  B 629
r r

COMME NT S:

Thin  wall in strong direction due pr imari ly to machining error .

•1
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PBN-77-108

A . P . S. 146

• 

. H
~ 

= 2. 73 B r = 587 at 30 ampere turns .

Anneal: 1010° 1. 5 hrs. 02
; 1000° 1 hr. Air

Distortions:

Bow: . 005 in.

-; • 
Separation of insert halves: . 006 in.

Parallel to join ~~
Wide-slot dimension:

Perpendicular to join D
Thin-wall dimension s (mils):

- Fnd: 45

I 
Center: 35
End:  40- , Minimum: 35
Average: 40

- Average thin-wall dimension as percentage of

ideal . 050” : 80 percent.

E stimated Br based on cross-section: Br = 640

COMME NTS:

-: : Separation along most of the length. Thin wall primarily machining
error .

A
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PBN-77-1 09

A . P . S. 159

H = 2. 46 B 584 at 30 ampere turns.
c r

Anneal :  1015° 1. 5 hrs.  °2 ’ 10 50° 30 m m .  02

Distortions:

Bow:

Separa ti on of ins er t halves: . 007

Parallel to join D
Wide-slot  dimension:

PerpenGicular  to joi n ~~

Thin-wall dimensions (n-iils):

Fnd:  40

Center :  2 5

End: 40

Minimum : 25

Average : 35

A v er a g e  th in-wal l  dimension as percentage of

ideal .050” : 70 percent.

1 stimated B based on cross-section : B 560r r

\ 1 1 \

\ l e i - ~ i r ~~d 11 1~~~ore and a f ter  1050°C anneal was unchan ged.

1 3 — I l



PBN-77- 110

A . P . S .  161

• H c = 3. 37 B r = 728 at 30 ampere turns .

Anneal: 1015° 1 .5 hrs. 02
; 800° 10 hrs. Air

• Distortions:
- Bow: . 005 in. weak dir.
~

- Separation of insert halves: . 005 in.

Parallel to join ~~
Wide-slot  dimension:

Perpendicular to join ~~

Thin-wall dimension s (mils):

End: 45
• Center: 37

End: 40
Minimum: 3~
Average: 41

- :  Average thin-wall  dimension as percentage of

ideal . 050” : 81 percent .

E stimated Br based on c~~~ss-section : Br = 650

1’ ~j COMME NTS:

~\ 1easured Br much higher than estimated value.

H - 1 2
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PBN-77-1 11

A . P . S .  162

Hc = 3.19 Br = 731 at 30 ampere turns.

~nneal 10150 1 5 hrs 02 800° l0 hrs Air

-- - Distortions:
- ;  Bow: . O O 5 in.

Separation of insert halves: . 004 in.

Parallel to join D
Wide-slot  dimension:

Perpendicular to join ~~

Thin-wall  dimension s (mils):

- End: 40
Center: 37

- 
End: 45

Minimum: 37
Average: 41

• Average thin-wall  dimension as percentage of
- ideal . 050” : 81 percent .  4

E stimated Br based on cross-sect ion:  Br = 651

COMMI NTS:

Me asured  
~~r 

much higher than estimated value. Probabl y represents
a ye rv dense sample.

13-1 3
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PBN-77-1 12

A . P . S .  164

H = 2. 75 B = 529 at 30 ampere turns.

• - c r

Anneal: 1015° 1. 5 hrs. 02
; 1050° 30 mm . 02

;

800° 10 hrs. Air
Distortions:

Bow: . 007 in. in weak direction , 005 in. in strong dir.

- Separation of insert halves: . 005 in.

- 

- 

Parallel to join ~~
- Wide-slot dimension:

— 
- Perpendicular to join C

Thin-wall dimension s (mils):

End: 30
Center: 22
End: 35
Minimum: 20
Average : 29

Average thin-wall dimension as percentage of

ideal . 050” : 58 percent.

E stimated Br based on cross-section: Br = 464

COMME NTS:

Sample warped in two directions. Thin wall partly due to machining

error .  Measured Br much hi gher than calculated value , perhaps due to

extra anneal.

—~~~~ - • _ _ _ _



P I 3 N - 7 7 - 1 13

A . P .S. 169

H B r = 664 at 30 ampere turns.

-~ Anneal:  10150 1 .5  hrs.  02
; 800° 10 hrs. Air

- 
Distortions:

- Bow: . 003 in.

• 

- • Separation of insert  halves: . 004 in.

1 Parallel to join ~~
Wide-slot  dimension:

- Perpendicular  to join ~~

Thin-wal l  dimension s (mils):

End:  45

Center:  40

End: ~ 5

Minimum: 40
Average: 43

- 
Average th in-wal l  dimension as percentage of

ideal . 050” : 86 percent .

E stimated B based on cross-sect ion:  B 688r r

COl\- 1MI~NTS:
• : The substrate here is quite straight. The thin wall and low Br is

p r i m a r i ly  gr inding error .

13-15
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PBN-77- 1  14

A. P.S. 173

H = 3.41 B 666 at 30 ampere turns.
c r

A nneal: 1015, 1.5 hrs. 0
2
; 800° 2 hrs. Air

Distortions:

Bow: . 020 in. in weak dir.
- • Separation of insert halves: . 009 at one end

Parallel to join ~~
Wide-slot  dimension:

Perpend icular to jo in C

Thin-wall dimension s (mils):

• 

- End: 45

Center: 32
End: 35
Minimum: 30
Average: 37

Average thin-wall  dimension as percentage of

ideal .050” : 74 percent .

E stimated B based on cross-section: B = 597r r

COMME NTS:
Wall th inness  in weak direction at bottom end is due to separation of

die lect r ic  and poor machining rather  than bowing.

H - 1 6



PI3N -77-115

A .P.S. 179

H 3. 4.s B 620 at 30 ampere t ur n s .
• - ‘ c

Anneal: 1015° 1.5 hrs. °2~ 
800° 2 hrs. Air

~ 

- , • Distort ions:

Bow : . 005 in. in weak dir. , 0 in strong dir .
• Separation of insert halves: . 007

- Parallel to joi n ~~- Wide-s lo t  dimension:

- ‘  
Perpend icular to join ~

Thin -wall dimensions (mils) :

End:  40
Center: 35

End: 40

Minimum: 35
Average:  38

H Average thin-wall  dimension as percentage of

F ideal .050” : 77 p e rcen t .

I s t imated Br based on cross-section:  Br = 613

( OMMI- NTh:
Thin  wall  in weak d i rec t ion  appears to be p r imar i ly mach in ing  e r ror .

13 - 17
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PBN-77- 116

~~.P.S. 180

I H 3. 28 B = 590 at 30 ampere t u r n s .
c r

Ann eal: 1015° 1.5 hrs. 0 ; 8000 10 hrs. Air
2

I Distortions:

- - 
- Bow: . 010 in. in weak d i r . ;  . 015 in. in strong dir.

Separation of insert halves:

Parallel to join ~~ —

Wide-slot dimension
Perpendicular to join C

- Thin-wall dimension s (mils) :

End: 40
Center: 25
End: 45
Minimum: 25 4
Average:  37 -Al

- 
Average thin-wall  dimension as percentage of

ideal 050” 73 percent

I I E stimated Br based on cross-section Br 587

COMME NTS:

Bowing was major cause of thin wall in both weak  and strong substrate
directions. - 

-~
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PI 3N - 77-1 17

A . P . S . 181

H = 2. 82 B = 658 at 30 ampere turns .
c

Anneal : 1015° 1. 5 hrs. 0
2
; 1016° 2 hrs.

Distor t ions:
Bow: slight in both direction s
Separation of insert  halves: . 005 in. to . 002 in.

Parallel to join f~Wide-slot  dimension:
Perpendicular ~o join C

Thin-wall dimensions (mils):

End:  45
Center: 42

End: 45
Minimum: 42

~ I 
Average : 44

A verage thin-wall dimension as percentage of

ideal . 050”: 88 percent .

E stimated B based on cross-sec t ion:  B = 704
r r

( O M M F N T ~~:
1he e x t r a  high t e m p e r a t u r e  anneal  did not hel p because of ext ra

crackin~ .

1 3 — 1  ¶~ 
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PBN-77- 118

A .P.S. 182

= H = 3.18 B = 631 at 30 ampere tu rns .
c r

- 
- Anneal: 1015° 1. 5 hrs. 0 ; 800° 2 hrs. Air

2

Distortions:

Bow: .010 in. in strong direction

Separa t ion of insert  halves: . 004 in.

Parallel to loin ~~
W i u e — ~slot dimension:

- Perpendicular to join C
Thin-wall  dimensions (mils) :

End:  40
Center: 30

H End: 40

Minimum: 30
Average:  37

i Average thin-wall dimension as percentage of

- 
ideal . 050”: 73 percen t .

E stimated B based on cross-sect ion:  B = 587
r r

COMME NTS:

A greement between measured and estimated Br is good because cracks

or other flaws such as inser t  separation are not observed . This shows that
ft wall nonuniformities are the d o m i n a n t  contr ibut ion to the reduced Br .

U-20
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P I 3 N - 7 7 - 1 19

:\ . P. S. 183

H = 3. 44 B 607 at $0 ampere turns.
c r

Annea 1~ 1015° 1.5 hrs. °2’ 
3OO~ 2 hrs. ~~~

Distort ions:
- Bow : . 006 in. in stron g d i r . ;  zero in weak dir .

Separation of insert  halves:

- 
- - Parallel to join 

~Wide-s lo t  dimension:
= Perpendicular  to join C

Thin-wall dimensions (mils):

End:  37

Center: 30

I End: 3~
Mmimum : 27
Average : 34

A~rerage thin-wall  dimension as percentage of

~ 
ideal . 050”: 68 percen t .

E stimated Br based on cross-sect ion:  B r =

COMMF NTS:

Thin wall due pa rtl y to poor machinin g and par t ly  to bowing.

:1

1 3 - 2 1  
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PBN-77-120

A .P . S . 184

-
• 

H = 3. 40 Br = 274 at 30 ampere turns.

Anneal: 10 15° 1 .5 hrs. °2 ’ 800° 2 hrs. Air

Distortions:

Bow: . 027 in. in weak dir.; . 020 in. in strong dir.

- Separation of insert halves: . 008 in.

Parallel to join ~~
Wide -slot dimension:

Perpendicular  to joi n C
Thin-wall  d imensions (mils) :

- 
End: 22
Center: 3
End: 40
Minimum: 6
Average : 21

Average thin-wall dimension as percentage of
- ideal . 050” : 43 percent .

- E stimated Br based on cross-sect ion:  Br = 346

- . - COMMENTS:

This is probably the worst examp le of poor machining aggravated by
w a r p ing in both strong and weak d i rec t ions  and sepa rati on of dielectr ic

halves .

B- 22



— P B N - 7 7 - 1 2 1

A . P . S. 197

H -i . 36 B 366 at 30 ampere turns.
c r

Anneal:  700’ 6 hrs.  Air

Distortions:

Bow: nil
Separation of insert halves: . 005 in.

Parallel to join [~Wide-slot  dimension:
Perpendicular o j oin C

-

‘ Thin-wall dimension s (mils):

End:  40
Center: 35
End: 32

1 

- 

Minimum: 32
Average: 36

Average thin-wall dimension as percentage of

ideal . 050” : 71 percent.

Est imated B based on cross-section: B = 571
r r

( OMMI NTS :

~ o high t empera tu re  anneal which was probably the major  cause of low Br~

13- 23
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P B N - 7 7 - l 2 2

A . P . S .  198

I H = 3. 24 B = 203 at 30 ampere turns.
c r

Anneal: None

Distortions:
- Bow: .005 in.

Separation of insert halves: . 003 in. avg.

Paralle l to join ~~
Wide-slot  dimension:

Perpendicular to join C
Thin-wall dimension s (mils):

- End: 40
Center: 35

- End: 40

j  - Minimum: 35
Average: 38

Average thin-wall dimension as percentage of

ideal . 050” : 76 percent .

E stimated B based on cross-section: B = 613r r

COMMENTS:
Th is sample had no anneal which resulted in the low Br~ 

Separation of
d ie lec t r ic  is typ ical of most with min imal  separation at the ends which are
clamped durin g deposition .

[3 -24 
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PBN-77-123

A.P.S. 202

H = 2. 39 B = 255 at 30 ampere turns.
c r

- Anneal: 1200° 30 m m .  02

Distortions:

Bow: .01 0 in . in weak dir. ; . 005 in. in strong di r .
Separation of inser t halves: . 003

Parallel to jo in ~~
Wide-slot  dimension:

Perpendicular to join C
Thin-wall dimensions (mils):

End : 35 -

- Center:  27

- - End: 40
Minimum: 27
Average: 37

Average thin-wall  dimension as percentage of
ideal . 050”: 68 percent .

E stimated Br based on cross-sect ion:  Br =

COMMENTS :

Thin wall due to machining technique and to bowing. Excessive anneal
t em p er a t u r e  may have caused bowing. :1

L 13~~~5 
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PBN-77- 124

A . P . S. 204

H = 2. 60 B = 335 at 30 ampere turns .
c r

Anneal: 1200° 30 m m .  02

Distortions:

Bow: .013 in. in weak dir. ; . C~ 2 in. in strong dir.
- • _ : - Separation of insert  halves: . 005 in.

Parallel to join ~~
Wide-slot dimension:

Perpendicular to join C
Thin-wall dimension s (mils):

End: 45
Center: 30
End: 40
Minimum: 30
Average: 38

Average thin-wall  dimension as percentage of

ideal .050” : 76 percent .

E stimated Br based on cross-sect ion:  Br = 613

COMME NTS:

Low B
r 

is unexplained except by the excessive anneal temperature.

F

13-26
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= PBN-77-1 25

A . P . S .  205

H = B = at ampere turns.
c

Anneal: 1200° 30 m m .

Distortions: . 008 in.
Bow: . 018 in. in strong direction; inch in weak dir .
Separation of insert halves:

Parallel to join [~Wide-slot  dimension:
Perpendicular  to joi n C

Thin-wall  dimension s (mils):

- End: 37
- - - . Center:  15

..—.- End: 30

-~ 
Minimum: 12
Average: 27

Average thin-wall  dimension as percentage of

ideal . 050” : 55 percent .

Es t imated  B based on cross-sect ion:  B = 437
r r

( OMMI -T NTS:
~

Samp le broke near  one end (see arrows) .  Wall th inness  due to poor
m a c h i n i n g  and bow in stron g di rec t ion . No h ys teres is  data.

R -27
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PBN-77- 126

A.P.S. 207

- - I Hc = 2. 57 B r = 351 at 30 ampere turns .

Anneal: 1200° 30 m m .  0
2

Distortions :
- Bow: . 01 5 in. in weak dir. ; nil in strong dir.

Separation of insert  halves: . 005 in. - . 003 in.

- Parallel to join ~~
Wide-slot dimension:

Perpendicular to join C

- Thin-wall dimension s (mils):

End : 45
- Center:  20

End: 45

Minimum: 20
—~~~ Average: 37

Average thin-wall dimension as percentage of

ideal . 050” : 73 percent .

H
E stimated B based on cross-sect ion:  B = 587r r

COMME NTS :
Separation of ferr i te  coating at in ter fac e in weak direction (See arrows) .

Excessive  anneal  t empera ture .

J 13-28
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P I 3 N - 7 7 - 12 7

A .P.S. 210

- J H = 2. 71 Br = 321 at 30 ampere turns.

Anneal: 1200° 30 m m .

Distortions:

Bow: . 022 in. in weak dir .
Separa tion of insert  halves: . 005 in.

Parallel to jo in [
~Wide-slot  dimension:- Perpendicular to join C

Thin-wall  d imensions  (mils):

End:  ~i0
Center:  20
End: 45

- ;  Minimum: 20
Average : 35

Average thin-wall dimension as percentage of

-
= 

ideal . 050”: 70 percent.

Estimated Br 
based on cross-section : Br 

= 560

COMMENTS :

Row in weak direction is ex t r eme .  Excessive anneal t empera ture .

_ _ 
_ _  - - - _ -
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PBN-77- 128

A. P. S. 211

j 
I I H = 2. 81 B

r 
660 at 30 ampere turns.

Anneal: 1020° 2 hrs.

Distortions:

• 
Bow : .005 in. in weak dir.

• I -
- Separa tion of inse rt halve s: . 003 in.

- Parallel to join ~~
Wide-slot dimension:

Perpendicular to join C

Thin-wall dimensions (mils):

- End : 40
Cer f e r : 37

Enci . 45

Minimum: 35

i ~ Average: 41

- : Average thin-wall  dimension as percentage of

1 ideal . 050” : 81 percent .

Estima ted Br 
based on cross-section: Br 

= 651

( O M M EN T S :

Sample broken during handling. Thin ferrite wall due primarily to

m a c h i n i n g  e r ro r .

L 1 3- 3 0

— — - -— - - -~ -• - - -— - —.-—- I-



--— ----
~~~~~~~~ 

-• ---
~~~~~~~~

- -
~~~
--

~~~~~~~~~~~
---

~~~~~
_— 

~~~~
- - - . - -..- -- -- _ _ _— - ---v..•_•__ ._,,___w_ _._•._. .,~__

~~__ _ .__• - ——-,— __ _‘_‘____.-—‘!•— - - —I-- ——— •~
_
~•

_ ~ - - -~- I. - - _____

P1 \ - 7 7 - 12  t~
A . P. S . 213

Ti c 
Br = at amper E -  t u r n s .

Annea l :  1020° 2 h r s .

= Dis tor t ions :
Bow: . 021 in,. in weak direct ion .
Separat ion of inser t  halves : . 008 in.

Parallel to join j
- 

- - 
- Wide-slot  dimension:

Perpendicular  to join ~~

~

- 

Thin-wal l  d imens ions  (mils):

— - End:  32

- 
Center:  12

— End :  35
- - 

~~~- Minimum:  10

Average : 26

Av erage thin-wall dimension as percentage of

t j  

ideal . 050” : 53 pe rcen t .

E s t i m a t e d  B based on c ross- sec t ion:  B = 42 4
r r

( ( ) \ l M F ~~ 5:

~ ;~~ t r em e  bow in weak  d i rec t ion . \ l so  separa t ion  of d i e l ec t r i c  ha 1~~es

,vor ~ , than  usua l .  One vet -v  th in  wall  in weak direction . ~\o hy s t e r e s i s

da t :~.

L
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PBN-77- 130

A.P .S .  215

H = Br at ampere turns.

Anneal: 10200 2 hrs. 02

Distortions:
Bow: . 005 in. in weak dir.
Separation of insert halves: . 005 in.

Parallel to join 0
Wide-slot dimension:

Perpendicular to join ~~

Thin -wall dimension s (mu g) :

End: 35
Center: 35
End: 45
Minimum: 35
Average: 38

Average thin-wall dimension as percentage of

ideal . 050” : 77 percent.

E stimated B based on cross-section: Br = 613

COMMENTS :
Extensive cracks through dielectric and ferrite.  Short sample.

No hysteresis data taken .
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PBN-77- 13 1
A . P.S. 216

H = 2. 76 B = 694 at 30 ampere turns.c r

Anneal: 10200 2 hrs. O2~ 
800° 2 hrs. Air

Distortions:
Bow:
Separation of insert halves: . 010 in.

Parallel to join 0
Wide-slot dimension:

Perpendicular to join j~
Thin-wall dimension s (mils):

End: 45
Center: 42
End: 45
Minimum:
Average: 4 4

Average thin-wall dimension as percentage of
ideal . 050” : 88 percent.

E stimated Br based on cross-section: Br = 704

COMME NTS :

Cracks at 1/ 3  and 2 / 3  length (see arrows) extend through only one-half
of element. Separation s occur at these points. Cracks developed after
machinin g because the surface is not straight.

r ~ .

1
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PBN-77-132

A .P .S .  2 17

• 
= 2. 71 Br = 690 at 30 ampere turns.

Anneal: 1020° 2 hrs. 02; 800° 2 hrs. Air

Distortions:
Bow: nil
Separat ion of insert halves: . 020 in. at break

Parallel to join o
Wide-slot dimension:

Perpendicular to join ~~

Thin-wall dimension s (mils):

End: 47
Center: 42
End: 42
Minimum: 42
Average: 44

Average thin-wall dimension as percentage of
ideal . 050” : 87 percent .

E stimated Br based on cross-section : Br = 699

COMMENTS:

Element broken partially through after machining. Large separation of
dielectric near break (see arrow) .

I
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___

PBN-77- 133

A . P . S .  219

H~ 
= 3.89 Br = 653 at 30 ampere turns.

Anneal: 1020° 2 hrs. °2’ 1016° 2 hrs. 02

Distortions:
Bow: . 005 in. in stron g direction
Separation of insert halves: . 005 in.

Parallel to join ~~
Wide-slot dimension:

Perpendicular to j oin ~~

• Thin-wall dimension s (mils) :

End: 45
Center: ~0
End: 45
Minimum: 40
Average : 43

Average thin-wall dimension as percentage of

ideal . 050”: 87 percent.

E stimated Br based on cross-section: Br = 740

Assuming Br = 850 gauss for uniform . 050 in. walls

COMMENTS:

First  use of the higher 4~ M 5 ferrite powder (LMTF475 (G5)) .

}3-35
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PBN-77-134

A. P. S. 224• fl H~ 2. 76 Br = 691 at 30 ampere turns.

Anneal: 1016° 3’hrs. 02~ 
800° 2 hrs. Air

Distortions:
Bow: . 021 in. in weak dir.
Separation of insert halves: . 003 in.

• Parallel to join ~~
Wide-slot dimension:

Perpendicular to jo in C
Thin-wall dimensions (mils):

End: 47
Center: 30
End: 45
Minimum: 25
Average: 35

Average thin-wall dimension as percentage of

ideal . 050”: 70 percent.

E stimated Br based on cross-section: Br = 560

COMME NTS:

Sample broken in handling. Separaf ions between dielectric and ferrite
coating in weak direction .

it
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PBN-77- 135

A . P . S. 22 5

H = 2. 95 Br 758 at 30 ampere turns .

= Anneal: 1016° 3 hrs. 02; 800° 2 hrs. Air

• Distortions:

- -
- Bow: . 010 in, in weak dir.; . 008 in. in strong dir.

Separation of insert halves:

Parallel to join (
~Wide-slot dimension:

Perpendicular to join ~
- ~

- Thin -wall dimension s (mils):

End: 40
Center: 35
End: 45
Minimum: 32
Average: 40

Average thin-wall dimension as percentage of
ideal * 050” : 80 percent.

Es timated B based on cross-section: B = 680r r

COMMENTS:

I sed (J - 5  powder. Machin ing error as well as bowing contributed to
wall nonuniform ity .

H ~~~~~~
~.



____
---—

~~~~~~~~~
=.-..--- ~*- _ _ •~~~~~~__—_~~~~_~~ -—•--- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ••—-,-——___ -~~ ~~~~~~~~~~~~~~~~ -—- - —— ~~~

. - -

~~~~~~

PBN-77-136

A.P .S .  227

H 2.0 Br = 447 at 30 ampere turns. 
V

Anneal: 10000 5 hrs. 02
; 8000 2 hrs. Air V

Distortions:

V 

Bow: In strong direction
- Separat ion of insert halves: 0 to . 007 004 in. avg. 

V

Parallel to join ~~
Wide - slot dimension:

Perpendicular to join C
Thin-wall dimension s (mils):

- • End: 35
- 

- 
Center: 25
End: 45
Minimum: 25

• Average: 35

Average thin-wall dimension as percentage of
ideal .050” : 70 percent.

• E stimated B based on cross-section: B = 595r r

COM ME NTS:

Sample bowed in two directions. Separation of ferrite coating and

abun dan t cracks in the dielectric. Used G5 powder.

II
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PBN-77-137
A . P . S .  231

I-
= 3• 40 Br 664 at 30 ampere turns.

Anneal: 10000 5 hrs. 02; 800° 2 hrs. Air

Distortions:
Bow:
Separation of insert halves:

Parallel to join ~~
Wide-slot dimension:

Perpendicular to join c
Thin-wall dimension s (mils):

End: 45
Center: 35
End: 42
Minimum: 35
Average: 41

Average thin -wall dimension as percentage of
ideal . 050” : 81 percent.

I

E stimated B based on cross-section: B = 689

COMMENTS:

Bowed in both directions. Used G5 powder.

•
~I.
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• PBN-77- 138

A.P .S .  234

- H~ 
3.12 Br 828 at 30 ampere turns.

V Anneal: 1000° 5hrs. 02
; 800° 2 hrs. Air

Distortions:
Bow: nil
Separation of insert halves: nil

Parallel to join ~~
- - Wide-slot dimension:

Perpendicular to join C
Thin-wall dimension s (mils) :

End : 47
Center: 45
End: 50
Minimum:

-
- 

Average: 47

V 
• Average thin-wall dimension as percentage of

ideal . 050” : 95 percent .

• E stimated B based on cross-section: B = 808

COMME NTS :

Best sample produced to date. Used the G5 ferrite powder.

1
~
i
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PBN-77- 139

A.P .S .  237

* T -  H = 3.11 Br = 705 at 30 ampere turns.

- Anneal: 1000° 2 hrs. 02
; 1015° 2 hrs. 02;

800° 2 hrs. Air
V Distortions:

Bow: . 012 in. in weak dir.
Separat ion of insert halves: . co~ in.

Parallel to join ~~
- Wide-slot dimension:

V Perpendicular to join [
Thin-wall dimension s (mils) :

End: 50
Center: 35
End: 45
Minimum: 35

V 

- Average: 43

Average thin-wall dimension as percentage of
ideal . 050” : 87 percent.

- E stimated Br based on cross-section: Br 740

COMME NTS :

G — 5  powder. No transverse cracks visible . This sample should give
hi gher Br~ 

pe rhaps with longer anneal.

— ——---- ~~~~~~~~~~~~~~~~ — — 
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PBN-77- 140
A . P . S .  238

H = 3.22 Br = 740 at 30 ampere turns.

Anneal: 1000° 5 hrs. 0 ;  1016° 2 hrs. 02 ;
800° 2 hrs. Ai~

Distortions:
Bow: nil
Separation of insert halves: . 007 in.

Parallel to join ~~
V Wide-slot dimension:
- Perpendicular to j oin C

V Thin-wall dimension s (mils):

End: 45
Center: 40

V 
- End: 42

Minimum: 40
Average: 42 . 

-

Average thin-wall dimension as percentage 01

- • ideal . 050” : 85 percent.

V 
E stimated Br based on cross-section: Br = 720

• 
COM ME NTS:

G5 powder. Sample free of transverse cracks. Separation of dielectric
larger than usual.

F- i
13-42 
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PBN-77- 14 1

A . P . S. 239

V - H~ 
= 2. 93 Br = 497 at 30 a mpere tu rn s .

Anneal: 1000° 5 hrs. 0 ; 1016° 2 hrs. 02 ;
V 80~ ° 2 hrs. A~r

V 
Di stortions:

Bow: .0 06 in. in stron g dir . ;  • 010 in. in weak dir.
Separation of insert halves: . 005 in.

Parallel to join (
~Wide- slot dimension:

Perpendicular to join ~~
- 

.• Thin -wall dimension s (mils):

E nd: 47

Center: 35
End: 40

- 
Minimum: 37

- 
Average: 41

Average thin-wall dimension as percentage of
V 

ideal .05 0” : 81 pe rcent.

• Estimated Br based on cross-section: Br 689

COMM ENTS:

~5 powder. Bad separation of fer r i te  in weak direction (see arrow) .
Bowed in both direction s. 

-~~~~~~~~~~~~ -~~~~~~~~~~~~~~~~ - - --
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