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SUMMARY

'A number of potential manufacturing technoloR" improvements were identified

and investigated for incorporation into the klystron amplifier. Some of

these were discarded because they were not fer.sible or did not result in

sufficient reduction of cost, improved manufacturing processes or yield

factor.

The principal areas of effort were:the use of:

I. investment castings

?. Steel forgings

3. Punch press parts

4. Material changes

5. Consolidation or elimination of parts and assembly operations

6. Simplification of braze procedures

7. Reduction of the number of brazes and machining steps between

operations

8. Use of fixturing and special tooling together with numerical

control machining

9. Reducing the skill level required to manufacture a complex device

10. State of the art processing such as hobbing, cold forming and

sintering.
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I. INTRODUCTION

This report covers the Manufacturing Technology (MT) Program conducted at

the Varian Microwave Tube Division, Palo Alto, California, sponsored by the

Department of the Navy in an effort to improve and reduce costs for the high

power klystron anA autotuner unit used on a major weapon system.

This program was proposed to introduce simpler and improved techniques and

processes toward a more reliable and cost effective method to manufacture

klystrons. The proposed changes were introducei into the VKU-7785F

klystron.

The three high power klystrons fabricated with these changes have

successfully passed the Naval Sea Systems Command Acceptance Test Procedures

for the power klystron. One of these three high power klystrons was

selected to undergo further testing in accordance with the Periodic

Conformance Inspection Test Procedures used on the current production

prograLm for the VKU-T7r5E model high power klystrons. The klystron has

passed this final test and meets all the current model specifications.

The improved version of processes and methods is intended to be incorporated

into future Phalanx klystrons after the VKU-7785F high power klystron has

been proven in the system application at General Dynamics, Pomona Division.

This report describes the present techniques, processes, and methodology

used on the current production tube, VKU-7735E, and the new methods and

techniques used to improve and reduce the cost of manufacture on the

VKU-7795F, MT model.

Before discussing the improved production techniques in detail, we will list

the changes which were incorporated into the three tube lot.
b

As agreed in the Statement of Work dated 25 April 1980, and as modified

10 September 1981, Varian will supply copies of those processes changed as a

result of this MT Program. The parts that were affected by this program are

11



listed in Table I and Figure 1. Piece parts are illustrated in the color

photographs (Figures 2 thru 6). Fifty-two parts are directly involved with

the MT Program.
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TABLE I

IMPROVED PRODUCTION TECHIQUES

VKU-7785F MT PROGRAM

ITEM NOMENCLATIJRE SECTION

1. Broached Body 2

2. Outer Heliarc Ring 27

3. Tuner Adaptor Plate (2) 5

4. Collector Socket 6

5. Water Channel Plate (2) 27

6. O/P Waveguide 9

7. I/P and 0/P Waveguide Adaptor (2) 9

8. I/P and 0/P Waveguide Extension (2) 9

9. I/P and O/P Waveguide Flange (2) 9

10. Body Manifold Coolant Tube (2) 4

11. Exhaust Tube /Pumpout Assembly 9

12. Pump-out Adaptor 8

13. I/P Waveguide 9

14. Cathode Socket 7

15. Tuner Bridge (5) 14

16. Tuner Rod (5) 14

17. Tuner Rod Cap (5) 27

18. Inner Heliarc Ring 27

19. Tuner Body (5) 14

20. Tuner Bottom Plate 27

21. Tuner Top Plate 27

22. Seal Frame 20

23. Seal Assembly 20

24. Spring Housing 23

25. End Cap (5) 27

26. Collector Cap 27

3
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ITEM NOm mCLAT'RE SECTION

21. Collector Cup (2) 27

2R. Collector Adaptor Ring 11

29. Collector Body 10

1). Collector Manifold 12

31. Cooling Fin 18

32. Heat Transfer Wafer 17

33. BeO Ceramic Insulator 17

34. Heat Transfer Wafer 17

35. Heat Sink Washer 17

36. RTV/ Molling/Cathode Potting 19

37. Cathode Cooling Fin Spacer 28

38. Heat Sink Strap 17

39. Cathode Magnet Pole Piece 16

40. Mount Bracket Assembly (Waveguide Side) 25

41. Angle Bracket (left) 24

42. "0" Ring 26

04. Lock/Unlock Gear 27

44. Lock/Unlock Cam 22

45. Tuner Port (5) 27

46. Motor Drive Cover 26

47. Switch Cam 21

48. Motor Top Plate 27

49. Motor Center Plate 27

50. Motor Base Plate 27

51. Angle Bracket (Right) 24

52. Mount Bracket (Tuner Side) 25

4
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P. FIRST BODY ASSEMBLY

Engineering investigated various ways to improve throughput time and reduce

the labor content associated with the fabrication and cold test of the

klystron. The First Body Assembly had several proposed techniques which

were under Engineering evaluation and, as a result, one has been selected.

The new techniques adopted will provide a less costly and more repeatable

fabrication process.

PRESENT METHOD - VKU-7785E

The first body assembly (Figure 7) is composed of six individual body

sections and ten gold/copper (AuCu) braze wafers. These individual parts

are stacked and put into a holding fixture. The complete assembly is then

brazed into a unit body assembly. Due to the difficulty of maintaining a

uniform repeatable structure during the body stack and braze operation, the

body is subsequently machined to its final dimensions and the inner cavity

dimensions have to be cold tested and individually tuned in order to achieve

the proper tuning rates and frequencies. This present method requires more

handling, more individual machined piece parts and more expensive braze

material. Higher skilled personnel are subsequently required to cold tune

the cavities and more attention to assembly details is required by the

production engineers.

MT METHOD - VKU-7785F

Varian planned to reduce the cost of this assembly by one of the three

techniques, as shown in Figures 8, 9, and 10. All three methods were under

engineering evaluation for the ultimate benefits of parts manufacture,

repeatability of the process, reduced number of process steps, reduced cold

tuning, reduced engineering participation on the assembly floor, and the use

of less skilled operators. The process change suggested in Figure 8 was

selected as the most effective repeatable fabrication method. This

technique includes a single broached body part with one braze of the bottom

plate to the body. This process allows a more repeatable accurate formation

11
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BRAZE WAFERS (10)

BODY SECTIONS (6)

FIGURE 7. BODY ASSEMBLY - PRESENT
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BROACHED
TOP PLATE

1BOTTOM
PLATE
BODY SECTION (2? BRAZE WAFERS (3)

MT METHOD

FIGURE 8. BODY ASSEMBLY-MT METHOD
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COLD FORM CAVITY

MACHINE WAVEGUIDEa OAND COOLANT OPENINGS

FIGURE 9. COLD FORMED BODY
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8 ASSEMBLY AND
BRAZEBRZ

WAFERS4 SEPTUMS

ALTE RNATE
5 METHOD

FIGURE 10. BODY ASSEMBLY - WITH SEPTUMS
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of the cavity sizes, which eliminates the subsequent matching and individual

adjustment of the cavity dimensions as is done in its present configuration.

This new process reduces the cost of parts ani assemblies, eliminates an

additional machine operation, ralculatiorn of shims used to obtain the proper

cavity size and reduces the in process steps and time. All this also allows

the use of a lessor skilled person and reduces the time required by

production engineers during the manufacture of the final body assembly.

The process change outlined in Figure 9 was to be a technique of cold

forming or hobbing of the complete body cavities, using an hydraulic press

and extruding the metal to its final configuration. This technique ran into

problems, due mainly to the geometry of body section, the ratio of the

cavity wiiths to lengths. 'everal techniques were tried without success to

hob the final body assembly in a one shot cold forming operation. First the

body was formed with five cavities but it was determined that the two outer

cavities deflected outward due to less resistance on each end of the body.

It was thought that the problem could be solved by forming two extra

cavities, a total of seven and a little deeper than required, which would

subsequently be machined off. It turned out the two extra cavities caused

the second and fifth cavities to deflect inward. The tools were readjusted

in trying to get the cavities to meet the dimensions and reduce tool

breakage but the process could not meet the required objective. This

technique was discarded in favor of the broaching technique, (Figure 9,

although the hobbing technique is being used on other assemblies in this

power klystron and on other klystrons manufactured by Varian.

The process change which was looked into and suggested in Figure 10 would

have required a one shot cold form of the whole cavity structure, including

the side slots to house the four wall sections which would be subsequently

brazed in.

This technique would require additional braze operations and handling.

Varian production engineers felt the outgassing time would be increased due

to the possible entrapment of foreign material in septum braze joints. This

technique was discarded in favor of the broaching technique.

16



3. BODY ASSEMBLY

One of the largest engineering cost-reduction concentrations was a

consolidation of operations on the second bodf assembly. The second body

assembly was composed of six subassemblies: first body assembly, channel

plates, tuner adaptors, coolant manifold assemblies, input and output

waveguides, and pumpout adaptor. Each of these subassemblies has an

individual improved process and engineering has reduced the seven braze

operations on the second body assembly to a one-braze operation. This was

accomplished by using more sophisticated tooling and braze fixturing.

PRESENT METHOD - VKJ-7785E

The present method of brazing the second body assembly is done in seven

successive step brazes.

Step 1 - Six body sections are brazed (described in Section 2, First

Body Assembly)

Step 2 - Left channel plate is brazed to the adaptor plate

Step 3 - Right channel plate is brazed to the other adaptor plate

Step 4 - Left and right channel plate assemblies are brazed to the

first body

Step 5 - Right water fitting is brazed to the coolant manifold

Step 6 - Left water fitting is brazed to the other coolant manifold

Step 7 - Steps 2 thru 6 above, plus the pumpout adaptor and the

waveguides are brazed to the first body assembly.

The above method requires excessive handling, transportation to and from the

braze furnaces, with an associated high labor content. (See Figure 11.)

17
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MT METHOD - VKI-775F

Varian reduced the n'imber of braze operations to one by designing a new

alignment tool and braze fixture. The second body assembly is completed in

a one-braze operation by assembling the following parts into the alignment

too-:

1. -wo channel plates

?. TNo tuner adaptor plates

3. Two coolant manifolds

4. Input and output waveguides

5. Two water fittings

6. Pumpout adaptor

The assembly is then placed into the braze fixture for a single braze

operation. (See Figure 11 k.)

19
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m iprove the as 3-nbly tchni lTi--, in i r'lu'- the 1 bor content of thp body

ma'!foi , ,n tbs, V:iriarn -vie 'hipgs lo th fab'ication methods

*hr'ip,h r' . " l hinin .. ni 'n i-,'o.'. i,.

- 'ErT M.PTH'D" -V"-vE

The rresen* body manifoli coolant tubes (two per tube) are fabricated by

starting with - solid piece of plate stock. '"he plate stock is s-twed to the

r9h dimensions of the finished part, (Figure '9), then it is milled on all

outer surfaces to the finished dimensions. The part is then nut into a

lathe and one end is drilled, counterbored and turned. 'he part is removed

ani re-chucked so the other end can be machined, drilled, counterbored and

t irne !..

% stainless steel water fitting .7 brazei into one end of the coolant tube.

?ubsequent assembly operations require the two coolant tubes to be brazed

into the first body assembly using -laborate bracing and Locating fixtures.

M1METHOD - VV,5-7T'5F

The new body manifoli coolant tubes are made from copper tubing. The tubing

is bent to the required configuration, cut to the proper length and the two

coolant tubeq are brazed to the first body assembly on a subsequent braze

operation which is described in the body assembly, Section 3 of this report.

'See Figure 1? A.)

20
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5. 'T NER ADAPTOR 'LATE

To improve the throughput time and reduce the labor content of the body

assembly, Varian has made a series of changes to the fabrication techniques

Df the tuner adaptor plates.

PRESENT METHOD VKJ-7785E

The present tuner adaptor plates (two per tube) require that the finished

part be .?50" + .005" thick, with surface A and surface B flat and parallel

to each other. This is accompanied by a number of additional

close-tolerance machining operations that are presently required for self

Jigging and locating the adaptor plates to the first body assembly during

the subsequent assembly operations. In order to accomplish these

requirements, Varian starts with a thicker material, mills both sides to the

required dimensions, and then mills the two .050" extensions which self

locate the adaptor plates to the body assembly. (See Figure 13).

MT METHOD - VKU-7785F

The two tuner adaptor plates have been redimensioned to reduce the

fabrication time and improve the manufacturing methods. These changes

eliminate the self locating .050" extension on each end of the adaptor

plates. The need for these extensions has been eliminated by using a

redesigned braze fixture which will capture and precisely locate both tiner

adaptor plates relative to the body cavities.

Another change eliminates the use of the 3/" thick material which requires

several milling operations by replacing it with I/h" thick stock material.

This eliminates the double sided machining operations plus five additional

close tolerance machining operations and the machine set-up times. (See

Figure 13 A). This part is brazed to the body assembly as described in

Section 3.

22
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FIGURE 13. TUNER ADAPTOR PLATE
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6. COLLECTOR SOCKEr

Varian changed the fabrication method on the collector socket which reduces

material cost, handling, and machining operatioqs.

PRESENT METHOD - VKU-77q5E

The collector socket is hogged from a 2 3/4" diameter bar which has been

rough cut to length. This piece weighs 4.7 pounds. After the two rough

machine operations are completed, the part is chemically cleaned, then taken

to the furnace room where an annealing operation removes the stresses. The

part is then returned to the machine shop for the final three machine

operations. (See Figure 14.)

MT METHOD - VKU-7785F

This part will be purchased as a 2 1/2" diameter forged blank which has

already been normalized, thereby eliminating the subsequent stress relief

annealing operation. This blank weighs 3.3 pounds, which represents a

significant labor and material cost reduction obtained by eliminating the

rough machining and chemical cleaning operations. The only operation

required is machining the part to the final dimensions. This new method

also eliminates excessive transportation and handling of the part. (See

Figure 14 A.)

24
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FIGURE 14. COLLECTOR SOCKET
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7. CATHODE SOCKE'

The changes in the fabricatlon method for this part have reduced material

cost, handling, and machining operations.

PRESENT METHOD - VKU-77R5E

The cathode socket is hogged from a 3" diameter bar which has been rough cut

to length. This piece weighs 5.1 pounds. After two rough machine

operations are completed, the part is chemically cleaned, then taken to the

furnace room where an annealing operation removes the stresses. The part is

then returned to the machine shop for final machining operations. (See

Figure 15.)

MT METHOD - VKU-7785F

This part will be purchased as a 1 3/4" diameter forged blank which has

already been normalized, thereby eliminating the subsequent stress relief

annealing operation. This blank weighs 2.9 pounds, which represents a

significant labor and material cost reduction by eliminating the rough

machining and chemical cleaning operations. The only opeiation required is

to machine the part to the final dimensions. This new method also

eliminates excessive transportation and handling of the part.

(See Figure 15 A.)

26
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FIGURE 15. CATHODE SOCKET
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q. PUMPOUT ADAPTOR AND TUBULATION ASSEMBLY

To reduce cost, Varian reduced the number of parts, assembly operations and

braze cycles of this assembly.

PRESENT METHOD - VKU-7795E

The pumpout adaptor in Figure 16 is machined from Monel bar stock. In the

pumpout tubulation assembly, (Figure 17), the present technique requires

three braze joints and three parts. The exhaust tube is cut to length and

the diameter at one end is expanded to form a transition to the larger

diameter exhaust tube. The transition tube is brazed to the pumpout adaptor

and larger exhaust tube.

MT METHOD - V'KU-7785F

Varian designed a die to coin the pumpout adaptor to the final dimensions

(Figure 16 A), which will accept a standard 5/16" OD tubing. This new

technique eliminates the transition tube, expanding operation, and one braze

joint. (See Figure 17 A.)

28



LATHE

PRESENT METHOD

~~ COLD FORMED
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MT METHOD (A)

FIGURE 16. PUMP-OUT ADAPTOR
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MACHINED SPECIAL EXHAUST
PUMPOUT TUBE TRANSITIONWAVEGUIDE ADAPTER

bEXHAUSTTB

-d, 7"

(3 PIECES 3 BRAZE JOINTS)

PRESENT METHOD

COLD FORMED
PUMPOUT
ADAPTER

EXHAUST TUBE

7"

2 PIECES 2 BRAZE JOINTS (A)

MT METHOD

FIGURE 17. PUMP-OUT ASSEMBLY
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o. INPUT/OUTPTT 4AVEGUI )E ASSEMBLY

larian changed the manufacturing methods and echniques to improve the yield

and reduce the waveguiie assembly ti-n- ind pa-ts cost. The present

avegiie assembly consists of six parts whic' are, for the most part

PRESENT METHOD - VKU-775E

Waveguide Flange - The waveguide flange (two per tube) is sawed to rough

limensions from 1/4" flat stock. Surfaces of the parts are then milled to

final iimensions. TD is broachei, and six holes are machined of which two

are threaded. The final step is a lathe turning operation. (See Figure

) )

Waveguide Adaptor - The waveguiie adaptor (two per tube) is machined from

flat stock, and requires subsequent milling of all surfaces and broaching of

the ID to the final dimensions. (See Item r of Figure 19.)

Waveguide Extension - The waveguide extension (two per tube), (Item 2,

Figure 19), requires both ends and all four sides machined to a + .001"

tolerance to fit the waveguide flange at one end and to position the

waveguide adaptor at the other end. Waveguide adaptor and flange are then

brazed to the waveguide extension.

Waveguide Assembly - The waveguide assembly as shown in Figure I is

assembled as follows:

1. Assemble the finished waveguie flange and one iris plate to the

waveguide extension

2. Braze and inspect

3. Broacb and size waveguide extension ID to provide a close tolerance

fit with the ceramic block window

h. Install the ceramic block window, the other iris plate, and the

waveguide adaptor to the waveguide extension
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0.005

-G
MACHINE 100%

PRESENT METHOD

ST K

(A)

PUNCH PRESS AND MACHINE 2 THREADED HOLES
BLANK
PIERCE
SHAVE

MT METHOD

FIGURE 18. WAVEGUIDE FLANGE
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4r-an-A inspect the entire -issembly

71- t -opper and the thin walls the yield on this part is

Dn..

- Th2-77.5F

',A -z 4i Fliang- - 11-t-4ian i) ir-h-;i - ~ i i nr ' ia~n, !40n

f: r-o- 'p flat Stock. Thii3 coeration 39~~oe h-i a pier,7e alA shav-

Dn oeratin t) bring t.he I') t,) its final osltleac imensions. The

frnil oeration -!onsists or mhining two) threaipl holes. This part cost is

~~ot>rellu-ei with no if iality. '>frto Figure'' .

.4aveg-oiie Adaptor - /rian wil'~ now blank the waveigil - adaptor, followed by

a cceani shave lie oberatio)n. -his redafces the amoint of' handling and

re~cunn~req.1ired to 'nake? the Ia 4ing parts fit properly, thereby reju'cng

'4avegouile Extension - Varian hasi pir-hasci a tool t~o broach tt 7 p-r'-r t o

-Lachining the two iris Slots. -his mlininates distortion and r-iu-es

chanc es of damnage due to broac!hing and !_ 4Z4ing the part after t he first

braze. -his new approach also e>-nt' achining ends of the waveg-il-

,tensiors to permit assembly or -h ma ing parts. This technique redices

the piece part costs ani ratir-i,;- 'he potectial of s--rappirg at a

'ater assembly operation.

Waveguide Assembly - The new mehdif- ring and assembling the

.ra-eg-iide assembly is as follows:

Assem',le the javeguide adaptor, two iris plates, and waveguide

flange to the waveguide extension ani c-amic blo-k assembly

?.Braze and inspec t the complete assem -ly

This method, reduces individual parts costs, elmntsan Lnt-ermeliate

broa-hing ope ration, increa-.-s the yieli factor, and reqairea only one

assemblyv, braze and inspection sequence. ':3ee Figire lQ A,.

34

~,-.----------------71A



I/P AND O/P
WAVEGUIDE

MACHINED
PART

MACHINED STEP

4 SIDES BOTH INPUT AND
OUTPUT WAVEGUIDE EXTENSION BRAZED ASSEMBLY
AND INPUT AND OUTPUT
WAVEGUIDE

PRESENT METHOD

PUNCH
PRESS
PART

(A)

EXTERIOR CORNER -
SWAGED STEP - AT ASSY
NO MACHINING

MT METHOD

FIGURE 20. ASSEMBLY OF WINDOW ASSEMBLY TO TUBE
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~o -t. )r bho Iv y hohbel r I I fr r a s a re 5 lt I of fh e En i n e rri'

a~emjt ho rb h, fir st bo. ij as rmhly Ij See -Ption ~

DRE~N T lm.,YrIIDD - K''

-h e , D! 1 or b y i s -m) -'S i n - 4r, r om a r sot i n f'iv -.r rt-

o p -r a w -n s. 1 P 'i i re I

I Naohine blank

5. ),g -nA-hspl ine3n' tv -

'IT~Il:'DD- K'J- R5F

"',e internal La't eon re hobbei 1,3 4ng soeo ial tooling and

-i Ira-ilic presures. -he colleztnr body internal oavitvy dimensions have

rosen lifficult to sachinp to the fin-isheli im'-isions, whereas the new

te-_hn'. ~ie prod'J es a very repeatable operatiLon with 72losely held dm os

'he water passage splines and externa'. fina' Iim1-ensinns are machinei. 'Se

FPigire 01 A)
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11. q'OLLFCTOR SEAL AS0FMBLY

To improve assembly techniques, reduce labor conte nt and lower parts cost of

t e ,hil'etor seal assembly, Varian changed th assembly sequen:e, pr n-ess

t* 'r4 iua& ' -ni bruze schedules.

P)RF....... METHeD - VKU-778'F

The collector sea]. assembly is presently fabricated using five successive

a~semblv operations with five braze cycles uiing five braze rings -n! six

parts. (See Figure ? )

3e-r' 1. The collector -:s is assembled to the seal keeper with one braz-

ring applied to ID of the cup. The quality and integrity of the

brazed subass-mbly is then bench chekei.

Step 2. This seal keeper subassembly is then assembled to the collector

ceramic seal with one braze ring applied to the 1D; the quality of

the brazed subassembly is then checked for seal and braze

integrity.

Step 3. ollector seal ilapt-r is assemblei t another collector seal

keeper with one braze ring applied to the 0D. The quality of this

braze subassembly is then checked.

Step 4. This keeper adaptor subassembly is then assembled to another

collector cup with one braze ring applied to the ID; again the

quality of the brazed subassembly is then checked.

Step 5. The seal keeper subassembly from Step 2 is assembled to the keeper

adaptor subassembly from Step 4 with one braze ring applied to the

ID of the cup. The brazed assembly is then leak checked, packaged

and stored for foture use.

The oresent method requires excessive handling, transportation to and frcs

the braze furnace, and five 'ntermediate inspection checks.

MT METHOP - VKTJ-7785F

The change in the assembly sequence of the collector seal assembly, as sh-n

in Figure 22 A, has reduced the number of parts to five by making the seal
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CUP A44644Cu BRAZE PING

SEAL KEEPER I ST BRAZE ASSY
A042287 Cu 9RAZERN Cu BRAZE RING

COLLECTOR
CERAMIC SEALd
A144112

2NDBRZ-- S

Cu BRAZE RING
SEAL ADAPTE R-*- E R TH BRAZE ASSY

SEAL KEEPER .. g. ~3RD BRAZE ASSY
- Cu BRAZE RING

CUP
4TH BRAZE ASSY

PRESENT METHOD, 6 PC PARTS
5 BRZ RINGS
5 ASSY OPNS
5 BRAZE OPNS

SEAL KEEPER --

CUP 2ND BRAZE OPN (TURN

CUP UP SIDE DOWN AND?2 BRAZE
I1ST B3RAZ P RINGS AND BRAZE)

COLLECTOR -------
SEAL CERAMIC

CUP

Cu BRAZE RINGS Cu BRAZE RINGS
(2) 12)

COLLECTOR
SEAL RING

(A)

MVT METHOD 5 PC PARTS -1)
4 BRZ RINGS (-1)
2 ASSY OPNS (-)
2 BRAZE OPNS (-3)

FIGURE 22. COLLECTOR SEAL ASSEMBLY
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kppfr and seladaptor as one part. Varian now assembles all the parl.:o

with two assembly operations. The braze cycle? is ma~de after one braze ring

is placed on TD) of the cup and one ring on the ID of the seal ring. The

second braze cycle requires turning the brazed assembly apside down and

alding one more braze ring to the ID of the cup and one to the 1D of the

seal ring. This method reduf-s th- total parts and braze rings by one and]

'~l 'i no ! h re0 aisL;embly op~r';ttion:; * hraz -n ycoand ints-pection

?h~now method also eliminates the fit problems caused by warping -)f part-

iuring sequential subassembly brazes of present method.

10



12. COLLECTOR MANIFOLD ASSEMBLY

To reduce collector manifold assembly cost, Varian reduced the number of

parts, assembly operations and braze cyoles.

PRESENT METHOD - VKU-7785E

The collector manifold assembly is presently assembled as follows:

step 1. insert modified water fittings into the coolant block, apply braze

wire between the two parts, braze and inspect quality of braze

Joints. (See Figure 23)

Step 2. Assemble the water scoop, two nipples and collector -nifold to

coolant block assembly, using braze rings around water scoop and

block.

MT METHOD - VKU-7785F

Varian reduced cost of the collector manifold assembly by incorporating

collector block and collector manifold into one part, thus eliminating two

nipples and water scoop. Two water fittings are assembled to the new

one-piece part and brazed. This new method has resulted in a reduction of

three parts, one assembly operation, one braze cycle, one inspection stage,

and the quantity of copper/gold braze alloy required (See Figure 23 A.)

4
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13. FINAL COLLECTOR ASSEMBLY

To improve assembly throughput time, reduce handling and braze cycles,

Varian has made changes to fabrication methods of the major collector

subassemblies.

PRESENT METHOD - VKU-715E

The final collector assembly is completed using four assembly and three

braze operations: (Figure 24)

Step 1. Take collector body (See Section 10), and insert into the body

sleeve. Tnstall collector cap and braze the assembly.

Step 2. and 3. Take body and cap assembly and install the outer sleeve over

the assembly. Take collector manifold assembly (See Section

12), and assemble it to the body assembly; apply braze wire and

braze entire assembly.

Step 4. Take collector seal assembly (See Section 11), install over the

collector assembly and braze seal assembly to final collector

assembly.

MT METHOD - VKU-7785F

The MT method completes the final collector assembly using two assembly and

braze operations: (vigure 24 N)

Step 1. Braze collector body (See Section 10 A) with collector cap.

Step 2. Assemble the collector body and cap assembly from Step 1 with the

collector manifold assembly (See Section 12 A), outer sleeve,

collector seal assembly (See Section 11 A), and braze the final

collector assembly.

This technique reduces the number of parts, (Section 11 and 12), sub brazes

and machining operations. This, in turn, reduces the cost through less

handling, less labor and movement of assemblies.
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14~ PARTSr FOR TIUNFR ROD BRIDGE ASSEMBLY

To help lower the '~ost of the internal tuner assembly and reduce the labor

-ontent, .arian made changes to these individual parts that make up the

tiner bridge rod aissembly whic-h is a subassembly of the internal tuner

TUNER 7R : - ,'

A' pr-3pnt the tuner rod is machinel with a smaller diameter step o)n one

end. .2ee Figure ?5). -he new manufacturing method is to change the .ating

part t-iner briige anVd r-enteriess g rindi a length of rod and itpie ces of f t'o

ength. 7C)ee Figure 25 A).

TUNER BRIDGE

Currently six .2'diameter holes a~re machined. (See F7igure '50. The new

methol will have the .100" deep holes andl two of the .121O" diameter lock pin

holes mac-hined ',o a .002" diameter hoe See Figure 2)5 A) .

TUNER BODY

At preseznt the tu-ner body has four .q20" diameter holes machined. (See

Figure 25'l. The new method will have all four holes machined to .1,,32"

diameter. (See Figu-re 2)5 A).
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I') . INTERNAI, 'rPN A 'NB)4R,Y

Fnwinoiering eviluated the inlernal tuner assembly with the intent of

re Juc ing assembly labor -ind proviling a simpler asrsembly method which would

also produce a nigher Jicli.

Phe -irr-nrt assembly as; shown in F'igur- ' ( is as flos

1. ssemble tuner rod to) tuner bridge 'ee Figure ?5)

2. H~''~andi insne( t

0 ,ss-mble five bellows ass.-embl es, two nuts, tuner plate and heliaro-

ring

4. ' ra7- and inspec t

t Assemble five tuner rod bridg- iss-mblies into the bellows and

brarp as an assembly to the tuner plate asisembly, then pro eed! with

sezoni braze of the five tuiner rod --aps to tuner rods.

-ht, complete unit is then physicail inspected for proper alignment

and braceP integrity.

This assembly and braize t- echni jue req ;urfes- a triple piece part joint.

qualitf braze is difficult to) obt%'in because the braze material flows away

f rom 'the rod :cap I-, to) gra-vity. it is alsoc difficult to naintain the

required alignment of the rods aind bridge aissemnbli4es to the center line of

the bellows. This alignment is c~tclto the smoothi operation of the

internal tuniing mezhanism.

IT METR'2D - VKCU-7795F

The new assembly method changes the assembly sequence and reduces total

braze operation to two. (See vigure 2 A). in order to accomplish this,

Engineering has designed new brazing and assembly fixtures and redirected

new assembly procedures as follows:

1. Assemble tuner rod cap, bellows and tuner rod

2. Braze and inspect

3. Assemble five rod cap bellows assemblies into the tuner plate with

five tuner bridges., helIiarc ring, and two nuts

47
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Bra~ -in lspect

.ngin~ering has proviisi a new fixture that will ensure better dlignment of

the bridge to the tuner rod and has engineered this fixture to provide a

continuous, ronstantly cont.rolled pressure on parts to allow for expansion

during the braze operation.

Nev tres ilso allow a gravity braze in the lirection of the braze *'oint

an, capillary flow of the braze material into braze joints. The reliability

and integrity of the mating of rod cap and bellows has been greatly

enhan~ed. This has improved the vacuum integrity of this Joint in addition

to red .ing stress :reated by any misalignment.

The nrw ass:,ibly se-,ences have, tnrough combined braze operation and

improved tooling and braze fixtures, greatly improved the yield, reduced

labor ani assembly time.
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I* r!ATKC)Pr 4AC;N~r POLEPNrr

m-anges in the fabrifation me~thod of this part have reduced material cost,

han~ling, ani machining operations.

"REP-fl

.. - t h)i. mai~net pol.pi'.-, i froo ii 1 ' i i tm ter ') ir w'l

5-en roigh -,it to leng th. 'Th Wire '. Thi-, pie''- weighs 1V.t poorli.

*Xfter tn'- twjo rough mac-hine op,-rat ion-s .'tr' -ompletei tIhe sairt if; ch'-mi--illy

.!--ianev, then taken to the firna(ce roo-m where -in arn'aiing operat'o-nre'n

S '. r-33e.;. The n)art is r-tirn-I to) th rva"hin, shor for f~ia' ahri

Dpofrvtins.

MiT METHO~D - VKU-7 R5F

-his part will be purrchare1 iz; i 2) l!'" i -mpter f- nidbank wh'oh ha:3 bhern

nor-nalizel. (Sefe Figure ' A.)'-This hlna'k w-igns ~ oniwhich

represents a cost reluction by relucin,7 mnat-ritl comach-ining, chemical

cleaning and annealing operat i cn3. 'h- -)n'f r-:ntinin4 Dp-rltion J-3

mach-ining to final Aimrens;ions. This3 iw m-etoni -nte xi-essive

handling, processing, anI transportinr' w park-n
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ROUGH
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FINAL

MACHINE FINAL

FIGURE 27. CATHODE MAGNET POLEPIECE
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17. PLECTRON tJN AREA

Miscellaneous Processing Changes

Tn order to simplify the assembly perations in the electron gun area and to

proviie a more efficient transfer of heat from the cathode assembly,

Fng~n&oering has Mad' several refinements in this area. The MT methods and

techniques reduce assembly time, eliminat potential stress conditions on

the ien ceramic dis2 whioh nounts on top of the heat sink strap, which in

turn provides a more efficient heat transfer from the cathode into the

c ooling fin assembly. Tn order to -larify the MT changes both the present

and proposed methods will be discussed concurrently.

The present two-piece overlapping heat sink strap has been replaced with a

one-p ce heat sink strap which allows direct metal-to-metal contact of the

cathode support post to the larger heat sink washer. (See Figure 26.) This

eliminates two metal-to-metal interfaces in the heat sink path which reduces

thermal transfer characteristics. The larger heat sink washer was modified

to accept a flat head !ountersunk screw which allowed the flush seating of

the BeO ceramic insulator on the large heat sink washer again improving the

thermal characteristics. The BeO ceramic, (Figure 2), was modified to

eliminate the center hole since the flat head screw would be flush with the

top surface of the large heat sink washer and does not project through the

enter hole of the BeO ceramic ani into the center hole of the cathode

cooling 'in assembly.

The impro\ements of the large heat sink wsher, the Bel ceramic and the

elimination of the projection of the center bolt into the ID of the cathAde

cooling fin has also eliminated a molding step since no high voltage potting

material is required to isolate the center bolt (2's kV operating from the

,ooling fin, ground potential).
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I I

PRESENT METHOD MT METHOD

(A)
FIGURE 29. CATHODE INSULATOR BeO
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The labor and handling time required to assemble and align the cooling

radiator to the cathode polepiece is reduced with the new assembly method.

in addition, the parallelism of these three assemblies has been improved,

thereby, reducing the potential of uneven mechanical stress on the BeO

ceramic insulator.
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18. COOLING FIN ASSEMBLY

In the studies of various ways to reduce processing times on the klystron,

Engineering investigated the cooling fin assembly which conducts heat from

the cathode assembly.

PRESENT METHOD - VKU-77R5E

The present configuration of the cooling fin assembly is comprised of three

machined parts, the cooling fin, plate, and high voltage lead hold-down

bracket. Each part has a number of various size tapped and through holes

which are used to bolt the parts together. The cooling fin ass ibly has two

trepan internal undercuts, used to anchor the potting compound necessary for

high-voltage insulation (See Figure 30). The cooling fin and bracket

assembly is ultimately bolted to the cathode polepiece through four

standoffs.

The cathode heat is transferred from the cathode through the heat sink

washer, a BeO ceramic disc, into the cooling fin assembly, and out into the

surrounding air.

MT METHOD - VKU-7785F

Engineering had proposed that the ultimate cooling fin assembly and bracket

be made from a one-piece investment casting, thus eliminating the machining

from a solid piece of aluminum and a number of close-tolerance drilled and

tapped holes. The cast part was to be purchased from an outside supplier

which required an initial tooling expense. After a number of one-piece

castings were received for Engineering evaluation, it was evident that

although they were dimensionally correct, the variations in alloy content

made them unsuitable for this application.
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TREPAN INTERNAL UNDERCUT
2 PLACES

HI VOLTAGE CABLE FINS
BRACKET

Aj I , PLATE

PRESENT
METHOD

ASSEMBLEDl A COOLING FIN

I PIECE
SOLID CENTER
COOLING FIN

S(PLUS BRACKET)

MT METHOD (A)

FIGURE 30. COOLING FIN
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Engineering decided to reinvestigate other tooling techniques and to

eliminate the center hole and the two trepan internal undercuts. (See

Figure 30 A.) With special form tooling, the cooling fin assembly was made

in a single operation. This simplified machining process, using a multiple

point form tool, was less expensive than the combination of investment

casting techniques with minimun machining.
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19. CA'HODE POTING,/MOLDING PROCF-2

Engineering, in their evaluation of ways to reduce handling and impr:v) th.,

process techniques, has investigated new potting :echniquen ani -atr4i's

which wouli improve the method of processing the tube and still p-ovil ,

adequate 7athode insulation on the klystron. Representatives of Dow oming

were contacted and several new potting materials were tried in engineering

evaluation tests. A new potting material which meets the ultimate tube

voltage standoff requirements and the required military specificatlon3 ha3

been tested and accepted for use by Engineering.

PRESENT METHOD - VKU-7735E

The present fabrication method is to attach three temporary leads to the

cathode/grid structure. The structure is then potted with enough potting to

insulate the operating voltage (26 kV) from ground during first test of the

tube. This first molding operation requires an 13-hour hold period for the

,TV to properly cure. It was determined that pouring the entire RTV molding

in one operation was too thick and did not cure properly. Temporary leads

were installed for first test becEise the price of the final cable assembly

was too expensive and if the cable had to be removed for any reason the lead

lengths would not allow additional attachments to the cathode. After an

acceptable first test, the tube is returned to the final dress area, and the

temporary potting and leads are removed.

The high voltage cable which includes the final connector is then attached

to cathode!grid structure followed by a second potting and another cure

cycle of 13 hours. The tube is then second tested to assure no changes have

occurred to the electrical parameters of the tube and then returned to the

finishing area for the third and final pour with an 8-hour cure cycle. The

tube is then tested to the final acceptance test procedures. (See Figure

31.)
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MT METHOD - VKU-'T5F

After extensive Engineering cvaluation of different potting materials and

cure cycles under simulated operating conditions. Engineering approved a

suitable RV which can be poured and cjred in one operation with only one

l'-hour holl p &t. Tkh new p,- -ig permits "ttaz ment of the final cable

assembly prior to first t-st. Te customer has approved additional service

length to the cable which coild allow additional rework, and use of the

cable assembly, if requirei. Thi, iew technique reduces the handling,

extensive preparation at first .u fnal dress operations, eliminates two

molds and the associated potting '.cIs, as well as the time required to

-ure the The qualitv :' .'>ag ncldoff characteristics and of the

overall assembly has been greatly enhanced. (See Figure 31 A.)
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-n-" -.a n'a tu1n er ais s embnly. nuch l ike pu tin g a tre on an au tomobilIe rin'

or' hoil slio lur ig this asee'. prnir tnr rsasrn

. of damaging the tuner bellows 'Adnsil allowing ther * lie

Sin-iio envelo)pe to poio',w to ai r. f' thi o' irs a .i'r r-wu-k -Kant
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Wrr METHrD - VKII-7795F

The seal frame is made from stock thickness wrought aluminum alloy. This

eliminates the need of the two-sided machining operations and still provides

the environmental integrity and the hold-down characteristics of the rubber

boot. ,eal to tho mlchanical t-inpr assembly.

The silicone rubber boot moli has been changed to provide a 150 lead angle

with additional thickness and stiffness at the lip where it fits over the

tiner heliarc ring. This provides the operator with a much quicker and less

troublesome mating operation with the outer heliarc ring, and eliminates

the potential jamage to the fragile bellows assembly. The reqiirei s-411 of

using the special mating tool has been eliminated. All this ultimatey

leads to a reduction in labor and cost of fabrication. (3ee Figure ?? A.)
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91. SWITCH CAM ASSEMBLY

To reduce the assembly time and piece part costs Varian will now manufacture

the two cam-, as a single cam.

PRESENT METiOD - VKU-7785E

Two gear blanks are purchased and modified to include cam notches and pin

hole orientation. The modified cams are then pinned together and mounted to

the cam shift. (See Figure 33.)

MT MNVT{OD - VKUl-77SF

The manifacturing of the two cams into a one-piece cam has resulted in

reduced parts cost, -A reluction in the n'Lmber of parts, and the reluction of

assembly labor by eliminating the orientation, pinning operation, and the

mounting of two cams on the shaft. (See Figure 33 A.)
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TOP CA ROLL PINS

BOTTOMCAM

SHAFT

PRESENT METHOD

3 PARTS + 3 ROLL PINS

ONE PIECE CAM

' -ROLL PIN

SHAFT

14V (A)

MT METHOD

2 PARTS ONE ROLL PIN

FIGURE 33. SWITCH CAM ASSEMBLY
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?2. LOCK/UNLOCK CAM ASSEMBLY

To reduce the assembly time, the number of parts, and parts cost, the

lock/unlock cam assembly has been changed.

PRESENT METHOD - VKU-77 5E

Varian purchases a gear blank, then proceeds to machine seven holes to

lighten the weight of the part after which two holes are drilled and tapped.

A machined cam block is assembled to the modified gear block.

(See Figure 34.)

MT METHOD - VKU-7785F

The end result of the engineering change to the lock/unlock cam assembly is

a smaller and lighter one-piece lever arm cam that eliminates the assembly

labor and reduces the part cost. (See Figure 34 A.)
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L-1 PIEC

MT METHOD
FIGURE 34. LOCK/UNLOCK CAMASSEMBLY
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23. SPRING HOUSING

Engineering in their evaluation of all assemblies which make up this tube,

naturally evaluated other techniques for attaining the desired result. One

of these parts which was investigated is the spring housing which preloads

the tension on the internal uner bobbins and the channel adlustment screws.

PRESENT METHOD - VKU-7795E

The present method is to hog the part out of a one-inch aluminum plate.

This requires the use of excessive material. Several machining operations

and setups are required prior to obtaining the finished part. (See Figure

35.)

MT METHOD - VKU-7785F

The new part is a purchased investment casting. All machining and setup

times are eliminated except the counterbores for the three bushing holes and

countersinking the bushings. The initial procurement required the purchase

of precision molds. (See Figure 35 A.)
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MACHINED

PRESENT METHOD

CAST

(A)

SPRING HOUSING

MT METHOD

FIGURE 35. SPRING HOUSING
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24. ANGLE BRACKET ASSEMBLY

PRESENT METHOD - VKU-7785E

The three pieces which make up the angle bracket assembly (two per tube) are

sheared from 1/8" thick stainless steel sheet stock. One piece is then

punched and formed to make the frame. The formed part and two gussets are

welded together. (See Figure 36.)

MT METHOD - VKU-7785F

The fabrication method of the angle brackets as shown in Figure 36 A allows

very simple machining from one-inch aluminum plate, this reduces material

and labor costs. The off setting of the mounting holes simplifies the

mounting of the brackets to the tuner side mount bracket. Figure 39 shows

the assembly of the angle bracket and the mounting brackets.
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3 PIECE WELDED ASSY (2 EA) (FORMED AND
MACHINE) LEFT AND RIGHT ANGLE BRACKETS SST

PRESENT METHOD

LEFT AND RIGHT ANGLE
BRACKETS

1 PIECE ALUMINUM (A)

MT METHOD

FIGURE 36. ANGLE BRACKETF - LEFT-RIGHT
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25. MOUNTING BRACKETS

Varian has modified the manufacturing procedures to both the tuner side

mounting bracket, and the waveguide side bracket to reduce cost, and to

provide easier, simpler, assembly procedures.

PRESENT METHOD - VKU-7785E

The following manufacturing operations are required to produce the mounting

brackets as shown in Figures 37 and 38.

1. Shear sheets to size

2. Punch loose tolerance holes

3. Mill center openings

4. Drill close tolerance and small holes on sidewalls

5. Form the sides by use of a break

6. Weld corners

. n tuner side only, (Figure 38) assemble mount bars with three

bolts to mount bracket, to hold in place, then heliarc bars to

mount bracket.

MT METHOD - VKU-77B5F

'!sing special tooling and changing the manufacturing procedures reduces the

cost, and improves the locatio, accuracy of the mounting brackets. (See

Figure 37 A and 38 A.) The new manufacturing methods are:

1. Blank and pierce all holes and openings with die set

. Form sides on break using close tolerance location fixtures

3. Machine small holes on side

In addition, the new design allows the manufacture of both tuner siil

bracket and the waveguide side mounting bracket using the same tooling.

Both support bars, the assembly operation of the mount bars to mount

bracket, a number of holes and the heliarc welding operation have been

eliminated. Figure 39 shows the assembly of the mounting brackets ani the

angle brackets.
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toe0 -

WEDSTUD SHEAR
(SPECIAL MACHI N ED)PUCNEBNMCHN

0.002 MACHINE

PRESENT METHODO O0

BLANK
0 PIERCE

0 0 BEND (FIXTURE)
0 MACHINE (TEMPLATE)

(A)

o

o 0o

SELF CLINCHING
WELD STUD
(COMMERCIAL)

MT METHOD

FIGURE 37. MOUNI,G BRACKETMWAVEGUIDE SIDE
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COVER BASE PLATE MTR DRIVE

BOTTOM (DVE

BOLTS (12). 
WELDED ANGLE
BRACKETS (2) (STAINLESS

.. . . .. V9, ....... ... .. .... ; .. .¢ 1 OUNT BAR (2)

6 BOLTS - SUPPORT BAR TO /J./
MOUNTING BRACKET

PRESENT ASSEMBLY

MTR DRIVE
TCOVER TCOVERCNEWI

SIDE BOLTS UNDERSIE'BOLT

3. ONE ,ECEBMACHNEDAANGL

(N EW) M (M R. DRIVE)

BRACKS IANGLE BRACKET
"711= (iV ) (ALUMINJUM)

// OMUNT BRACKET

PE EDET

SIDE PLATE

MT ASSEMBLY

1. OMIT BOTH MOUNTING BARS 4. DIRECT MOUNTING TO SIDE PLATES
RATHER THAN TO MOUNT BRACKETS

2. SMALL BASE .'LATE - EASIER
ACCESS 5. SIDE BOLTS- COVER TO 6,4SEPLATE

RATHER THAN UNDERSIDE BOLTS
3. ONE PIECE MACHINED ANGLE

BRACKETS IN PLACE OF 3
PIECE WE LDMENTS

FIGURE 39. MOUNTING BRACKETS AND ANGLE BRACKETS



W)TfO DRIVE 'r)VF

Fngineering modified the cover to redur-e assembly time, increase yield, and

to pro%-i te more -I-aran-e for assembly of the -over t.o the motor drive un-t.

P7.17'; 1rv - .,T

o'~ moc t !rive ccver is assembled to the mot-ar Irive baseplate by inserting

tef.u bdlt's from the bottom side of the baseplate, engaging them into the nut

--it~ - ai -t .nmeft s on t~he i ns ie su rfac-e ) f te co ve r. ".he space between the

moto:r irive baseplate and the mount bracket provides a very restricted

-i-cescs 47. whic h t. engage and tighten the ten bolts, as, shown in Figu-re !O

-he technician also has very limnited vi3ion when lowering the cover over the

motor drive assembly. Fxcessive time and rcar- mrust he taken to avoid

damaging the_ Internal wire harness of the motor -drive, assembly by snagging

with the nut attac-hments on the inside of Ine - v.er.

7arian modified the baseplate with an "0" ring seal and threaded holes aloDnw

the baseolate sides. This allows the cover to be mounted with bolts thrDcuigh

) the sides of the cover onto the baseplate. The ten nut plates on the( inside

c over wall have been removed, which eliminates the potential damage to t-

-wire harness and also provides more uniform and integrity of the ao~1.

process. This eliminates c-onsiderable time and improves throughput. e

Figure %0 A.)
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27. MISCELLANEOUS PARTS

Tn keeping with the intent of an MT Program, Engineering has made a thorough

study of all parts which are used in the manufacture of the MT power

klystron and aut-tuner assembly. The following is a compilation of several

minor changes that have taken place as a i,!sult of' these studies:

Tuner Cam Plate - Currently, Varian machines each plate individually and

then inserts the thirty helicoils by hand. With the MT Method cam plates

are now fabricated on a CNC controlled milling machine which handles up to

ten plates at a time. New tooling and fixturing then permits automatic

strip-fed helicoil insertion. (See Figare 41 and 41 A.)

Lock/Unlock Gear - Varian presently machines the Lock/Unlock Gear from a

purchased gear blank in three steps: (Figure 42)

Step 1. Remachine the center bore

Step 2. Machine the slot

Step 3. Machine the eight lightening holes

Under the MT concept, Engineering uses the gear blank as it is received and

does not rebore the center hole. The slot is still machined and the number

of lightening holes reduced from eight to four. The part is lighter without

any reduction in reliability. (See Figure 42 A.)

Tuner/Motor Plates - Currently, the ton, center and base plates are milled

one plate at a time. Engineering looked at the possibility of machining the

top and center plates from extruded material, (Figure 43) but was dropped in

favor of the less expensive technique of using a CNC controlled machine

which permits up to ten plates of each kind to be milled at a time. (See

Figures 44 and 45.)

End Cap - Tuner Rod Cap - Tuner Port - These three parts currently are

individually machined which requires individual set ups and machining. With

the MT method, the parts will be made on CNC controlled machines at a

reduced part cost. (See Figure 46.)
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000000

000000:-[

MACHINE - MILL 1 AT A TIME
HAND INSERTION OF HELICOILS

PRESENT METHOD

000000

000000

000000

000000

000000

MACHINE CNC MILL 10 AT A TIME
STRIP FED INSERTION

MT METHOD (A)

FIGURE 41. TUNER CAM PLATE
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IQI

5-
010

1. MACHINE BORE
2. MACHINE SLOT
3. MACHINE 8 HOLESPRESENT METHOD

1. MACHINE SLOT
2. MACHINE 4 HOLES

MT METHOD (A)

FIGURE 42. LOCK/UNLOCK GEAR
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0 0 00 0 0 0
0 0 0

0 o 0
0o o 0

00

0 0

0 0 0

0 0 CENTER PLATE

0 0

o 0

0 0 00 0

0 0 0

1 0 0

0 0

0

oQ 0 0 BASE PLATE

0o l0 0
0 0 00

0 0

CNC TAPE (3 -10 AT A TIME) MILL

FIGURE 44. MOTOR DRIVE PLATES
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FOLLOWING PARTS - NO CHANGE IN DIMENSIONS
- BUT MADE WITH DIFFERENT

METHOD, MATERIAL, TOOLING
OR FIXTURING.

TUNER TOP PLATE

o 0 o0 0 0

CNC MILL
0 1-10 AT A

TIME
0

0

0

00 Q 0 0
\0 0

TUNER BOTTOM PLATE

0 00

0 CNC MILL
1-10 AT A

0 TIME
0 00

0 0o 0 0o
0 00

FIGURE 45. TUNER PLATES
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FOLLOWING PARTS - NO CHANGE IN DIMENSIONS

- BUT MADE WITH DIFFERENT
METHOD, MATERIAL, TOOLING
OR FIXTURING.

END CAP

TUNERh
ROD CAP

I

TUNER PORT

LATHE CNC

PRESENT METHOD MT METHOD

FIGURE 46. END CAP, TUNER ROD CAP, TUNEP PORT

85



"ollector Cup - Outer 4eliarc Ring - Inner Heliarc Ring - Varian currently

manufactures these three parts using the hydroform method then machines the

parts to their final size. The new technique will be to blank, pierce, form

and trim. This method produces a reduced part cost. (See Figure 47 A.)

Water -hinn-l Plate - The present technique is to receive a machine] blank,

then the water channels are milled. Two channel plates are required per

tube. The MT method will require the parts to be made by a CNC controlled

machine with up to ten channel plates being fabricated simultaneously. (See

Figure 4 7 B.)

Collector Cap - Varian is presently individually machining the collector

caps on a lathe. The new technique will be to use 'NC controlled machines.

(See Figure 47 C.)
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FOLLOWING PARTS - NO CHANGE IN DIMENSIONS

- BUT MADE WITH DIFFERENT METHOD
TOOLING OR FIXTURING

COLLECTOR

CUP (2)

PRESENT METHOD

BLANK
OUTER HYDROFORM (A)

HELIARC MACHINE
RING

MT METHOD

BLANK AND PIERCE
FORM AND TRIM

INNER
HELIARC
RING

PRESENT METHOD

MACHINE INDIVIDUAL
BLANK TO SIZE - MACHINE
WATER CHANNELS BOTH (B)
SIDES
WATER CHANNEL

MT METHOD

USING CNC MACHIN' AND FIXTURE - 10 PIECES FROM ONE BAR - MACHINE BAR
TO WIDTH AND THICKNESS ONE SIDE - CHANNELS COMPLETED - OPPOSITE
SURFACE MACHINED TO THICKNESS AND COUNTERBORED - PART OFF FINAL
PARTS TO LENGTH.

COLLECTOR CAP (C)

PRESENT METHOD MT METHOD

LATHE CNC LATHE

FIGURE 47. COLLECTOR CUP, OUTER AND INNER HELIARC RING,
WATER CHANNEL AND COLLECTOR CAP

87

)i



C~ ATHODF -nOLIN, FIN 2-PACFR-5

2ro-ti,, c:atnode cooling fin spacer cost, Engineering reviewed the process

ofmointing the cooling fin to the cathode polepiece.

?>NTMF22HIP - VK - 9)

n'ily t-- 'ur cmyl-ir posts wer- pur-~has-] 'o tnP approxi satelegt

r-1 4re i to mount the -ooling f i.- to- the -nathole poi-piece. ;Icn tub,,

rt9-uirei the tec7hnician to inlivilually mneasure the Iistance betweer. the

fin aLni the polepi-ce? riii to) variations in the pot-tigw height.

stanA nfs ere- then taken to the machine snop to he "-Acei off to the

iniiulst-ndoff requirei Iengths. gee ire

FT MT'7!WD - VYJ-77R5F

Varian purc-hases the mylar material in ranijxm leng ths of two to four foot

1pngths. The distance requirel to mount the cooling fin to the cathode

nolepoiece is still measured as before, then tne myrlar is clit to tne measred

distance, drilled and tapped in one setup. This results in a ma'I~terial and

labor savings. (See Figure 43 A.)
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I RANDOM
ILENGTHS (2-4')

OF MAT'L

iI PURCHASEI
I PAORT

MACHINE TO FCUTOF
I TO FINAL DIM. IIT IA

milII DIM.(A

PRESENT METHOD MT METHOD

FIGURE 48. CATHODE COOLING FIN SPACER
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29. POWDER METALUIRGY PARTS

Engineering, in their evaluation of ways to reduce machining times and in

keeping with the intent of an W1 program, has investigated the use of powder

metallurgy parts.

Fngineering selected three parts as potential candidates for use on this new

processing technique. They are tuner bridge (used internal to the vacuum),

tuner adaptor channel plate assembly and water fitting (used external to :4
vacuum).

Tube manufacturers have historically stayed away from sintered material

inside the vacuum envelope due to the outgassing characteristics associated

with sintered material.

The process of powder metallurgy involves mixing the polystyrene plastic

with powders needed to make a specific alloy (i.e., Monel h04 requires

52-571 pure nickel and the remainder copper) pelletizing and feeding the

feed stock into a standard plastic injection molding machine. The metal

powder in this process ranges from 0.8 micron to 8.0 micron in size versus a

10-hO micron particle size used in normal powder metallurgy practice. (See

Figure h9.)

Attempts to use PM parts in this application have resulted in erratic

results due to leaching, erratic plating quality, non-uniform braze flow,

minor element contamination, long-term outgassing problems, mechanical

failure, and relatively high initial tooling costs.

Varian has not introduced powder metallurgy parts into the VKU-7785F MT

klystron.
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METAL POWDERS
PLASTIC POWDER

4 1 INJECTION MOLD

1. LOW TEMP. - 3000F
2. LOW PRESS 3000-5000 PSI

3. LOWER DIE COSTSw
a. DIE STEELS
b. ALUMINUM
c. FIELD PLASTICS

DEBINDERIZE
a ,0 0. 1. INSERT GASES

2. VACUUM

3. HEAT (LOW TEMP.)

SINTER
i i 1. INERT GASES

2. VACUUM
3. HEAT (HIGH TEMP.)

FINISHED PART

COI N
1. OPTIONAL TO PROVIDE

CLOSE TOLERANCE PART
(- 0.002)

INJECTION MOLDING
(METAL PARTS,

FIGURE 49. POWER METALLURGY PROCESS
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30. MT PROGRAM SUMARY

Table 2 shows the suomry of reductions on the MT program. The number of

piece parts, braze and machining operations has been reduced and as a

result, the number of labor hours required to manufacture the klystron

amplifier has decreased.

The process and methods changes and parts reductions described in this

report, if fully implemented, would lead to an overall reduction of over 10%

from the pre-MT Program cost for the VKU-7785 power klystron and autotuner.

Similar incremental savings can also be realized when these proven

technologies are applied to other high power klystrons.
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TABLE 2

VKU-7785F wr PROGRAM

SUMMARY OF REDUCTIONS

FIRST BODY ASSEMBLY THROUGH SEAL-IN ASSEMBLY

VKU-7785E VKU-7785F

Piece Parts 85 67

Braze Rings and Wafers 84 65

Braze Operations 29 12

Brazed Assembly 31 18

Machining Operations 5 3

Cavity Testing Operation 4 2

FIRST AND SECOND DRESS ASSEMBLY

(Reductions)

Piece Parts 10

Assemblies 5

Solder Operations 3

Potting Operation 2

Assembly Operation I

(Added one braze operation)
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SECTION 31

QUALIFICATION PR ORA.M

MINT QUALIFICATION TESTS

ON MT POWER KLYSTRON AND AUTOTUNER ASSEMBLY

VKU-',"R5F

PERIODIC CONFORMAN'CE INSPECTION

* ACCEPTANCE TEST DATA REPORT (VARIAN)
• RANDOM VIBRATION, AND OPERATING SHOCK TEST REPORT

(DALMO VICTOR)

* POST VIRRATF-)N TEST REPORT OVARIAN)

PO,T SHOCK TEST REPORT (VARIAN)

TuMPERAT URE CYCLING (VARIAN)

AND

POST TEMPERATURE CY"LING TEST REPORT

CONDUCTED AT VARIAN MICROWAVE TUBE DIVISION

PALO ALTO, CALIFORNIA

AND

DALMO VICTOR TEST LAB

BELMONT, CALIFORNIA

AUGUST 23, 1982
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QUALIFICATION PROGRAM

In orler to assure the Iovernment, Naval Ocean System Command, the Weapon

,ystem mantifacturer, General Dynamics, Pomona, and Varian, the MT contractor

that the new methodology, technologies and process changes introduced into

the MT power klystron and autotuner assembly - VKU-7785F, do not have an

adver3e effect on the operation of the tube or its final system performance,

V'r. ;n t o'iu,'teI t mini-qua1 Lficaion test on one of the three MT tube,.

Thi3 tube wa3 randomly selected by the Government and was environmentally

testei for temperature cycling, random vibration and operating shock. These

tests were conducted at Dalmo Victor Test Labs in Belmont, California and

Varian.

Each of the three MT power klystrons and autotuner assemblies were run to

the full Acceptance Test Procedure (ATP) Instruction 5.28, 0D5397 dated

24 July IQ79 prior to the Government's random selection of one tube S/N B

which was tested to the agreed environmental tests conducted on the present

production tubes periodically throughout the manufacturing of VK'I-"795E

tubes. This periodic environmental test is called Periodic Conformance

Inspection 1PCI). It consists of a full acceptance test of the tube

performance parameters prior to the environmental test, temperature cycle,

post temperature acceptance tests, random vibration, post random vibration

test, operating shock, and post shock acceptance tests.

Varian feels that requalification of the "F" Series klystron is not required

as all changes are considered class IT type changes. The changes made in

the MT Program are not considered design type changes, but are in line with

normal productization of the existing design. These changes do not affect

form, fit, or function.

Results of PCI tests are included in a separate report and the summary is

included in this final report.
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APPENDIX A

ACCEPTANCE TEST DATA
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Instruction. 5.193 E

J QUALITY ASSURANCE WORK INSTRUCTION Pap 1o of 19 Pge

Title: ACCEPTANCE TEST PROCEDURE VKU-7785F Dat@:Sept. 8, 1977

Rev. Nov. 15, 1978

QUALITY CONFORMANCE INSPECTION V

ACCEPTANCE TEST DATA SHEETS

KLYSTRON AMPLIFIER

VKU-7785F

SERIAL NO. B

NAVSEA P/N 5186595

NAVSEA WS 18608

VARIAN DRAWING R092650

A2

VARIAN ASSOCIATES/Palo Alto Microwave Tube Division/Palo Alto, California 94303
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QUALITY CONFORMANCE INSPECTION, PART I Pag I f1

KLYSTRON AMPLIFIER 00 53334
VKU-77S5tW SERIAL NO.Ad
100% ACCEPTANCE TESTS

ATP NO. 5.193

SPECIFICATION
til tEEST CONDITION MIN MAX iUBE PERFORMANCE

HEATER CURRENT Ef - 9.0 Vrms If: ... 6.0 It- 7. #0 A
fRef Par&4. 1)I

PEAK CATHODE Pulse Test
CURRENT Condition, A

( Ret Para 4.2) Drive Power - 0 1k. ... 4.0 1k- J I A

WARM UP Pulse Test t: 5.0 t. a% 0 min
MRet Para 4.19? Condition, A

(Channel 4)

BODY CURRENT & Pulse Test Po: 25.5 ... Po- a2 7- kW
POWER OUTPUT Condition, A iby: .. 850 aby- 3/L ma
PULSED
MRet Para 4.4 & 4.23)

Test Conditions verified 1__je.,

CHANNEL SPECIFICATION SELECT SET NUMBER
TEST NO. PARAMETER I! MAX 1ST CYCLE 17TH CYCLE

Frequency fo-501MHz to-499MHz to- T'OO MHz to- jSee MHz
RF FREOUENCY, 1 P0 25KW ..... j31 KW 33 KW
BANDWIDTH ____ W (-3dB) 25 MHz 45 MHz 17 * MHz A.7 MHz
and CHANNEL Frequency fo-326MHz fo-324MHz to- kJ;r MHz to- 3 &S' MHz
SELECT TIME 2 Po 25.5 KW ... 3,3 KW .31.0 KW
(Ref Per& 4.4. W13B 25Mz 4Mz;6 MzMz
4,5,4.7,4.11) W-dB 2Mz 4Mz * Mz3 Mz

Frequency fo-151MHz fo-149MHz to- ,.rO MHz to- zx' MHz
3 Pa 25.5 KW................3.0 KW 12.0 KW

BW (-3dB) 25 MHz 45 MHz is3 MHz as MHz
Frequency to-i MHz to± MHz to+ _6 MHz to. 0 MHz

4 Pa 25.5 KW.......... .... KW 34.0 K W
SW (-3dB) 25 MHz 45 MHz 11 MHz A 6 MHz
Frequency fo+249MHz fo+251MHz to+ ASIa MHz to* &a MH;Z

5 PO 25.5 KW.......... .... JE KW J/f. KW
8W (-3dB) 25 MHz 45 MHz Jo___ MHz ZC1 MHz
Frequency to.499MHz fo+5O1MHz to4 + 'C MHz to* do MHz

6 Pa 25.5 KW.......... ... joa KW As. KWv
SW (-3dB) 25 MHz 45 MHz JL MHz -12,.. MH Z

Each channel select during the first and seventeenth selection set, was
accomplished in a maximum of 20 seconds. Verified ...... )

A3

vuirlet/Polo alto microwuw tube division/6 I hanoma way/polo aho/mllfomia 94303



OUALITY CONFORMANCE INSPECTION, PART I - Page 12 of 19
KLYSTRON AMPLIFIER 0D 53834

VKU-7785)1/ SERIAL NO.A
100% ACCEPTANCE TESTS lContinued)

ATP NO. 5.13

SPECIFICATION
TEST TEST CONDITION MIN MAX TUBE PERFORMANCE

LEAKAGE CURRENT Ef - 9.0 Vrms Lic ... 3 LIc- mA
(Ref Para 4.8) Eb - -26 kVdc

Ec - -29.4 kVdc

PULSE DUTY FACTOR. RIF Pulse Test Cond. A Pulse Du .03528 .03672 Du- 0 o36
(Rol Pia 4 12)

BEAM DUTY FACTOR Pulse Test Cond. B Bcam Du .05390 .05610 Du= .

(RetPars 4 12)

DIMENSIONS Per Outline Owg No 143754
(Rel Pars 4 10) In Compliance with NAVSEA

Dwg. No. 5186595 and M8 13 ... Date ____

PRESSURE DROP Coll. Water Flow-4 GPM Press. ... 25 Press. 9. 4 s
MRel Pars 4.20) BodV Water F low- 1 GPM Press. ... 25 Piress. 9.6 0 ps.

*Water Temp-20 I DOC

WAVEGUIDE AIR PRESSURE too Press. ... 20 Press. 26. & psig

I Ref Para 4. 16) to10 minutes Press. 19 -... Press 40 1 osig

STATIC PRESSURE Collector psi 150 ... No Leaks ot

(Pei Pars 4.21) Body psi 150 ... No Leaks ox~

DIELECTRIC WITH4STANDING (a) MotorClutch and VRMS 600 ... 'VRMS- 6 o
VOLTAGE Switch Leads
(Rol Pars 4.17) 1b) Hi-Pot. Fil Cath,

Grid to Ground kV 42 ... kV- V2.0

fc) Grid Bias Voltage kV -3.8 ... kV- 'e 0

A4
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QUALITY CONFORMANCE INSPECTION, PART I POP 13of 13
KLYSTRON AMPLIFIER 00 53&34

@ ~VKU77Sg' SERIAL NO.*
100% ACCEPTANCE TESTS (Continueid)

ATP NO. 5.13

SPECIFICATION
TEST TEST CONDITION MIN MAX TUBE PERFORMANCE

CAPACITANCE Control Electrode to Co 100 Cr hL&.... pf
(Ref Para 4 13) All Other Electrodes

WEIGHT IDENTIFICATION ... so___ lbs
MARKING & WORKMANSHIP
(Ref Para 4 101

TUNING CAPABILITY Pulse Test Cond. A 102 ..
(Ref Para 4.11l Channel Changes

INSULATION RESISTANCE 500 Vdc Between Resistance 25 -J .
i Ret Para 4.16) Isolated Circuits

DYNAMIC BURN-IN Heater Elapsed Time Oroir
Ref Para 4.22) Grid Bias Elapsed Time # Ms

Beam Voltage E lapsed Time -d.8 Hrs,
Pulse Cond. Per Spec. *A 1A Hrs

Supplemental Elapsed Time AZ r

Toned By Date It__-__S-__AL

Approved By Date PC It

Wtessed By 1. 6LDate _______

A5

Vurimn/puo Ofto microwuw tub division/S1I hansn wey/pulo ulto/csilomnig 94M0



APPENDIX B

VVJ-7785F S/N B

VIBRATIONi SHOCK TEST REPORT

AND PHOTOGRAPHS

IB



DALMO VICTOR

Division of Textron, Inc.

1515 Industrial Way Belmont, California 94002

Phone: 591-1414

ENVIRONMENTAL TEST LABORATORY

FLASH REPORT

Date TR No. Project Account No. Task No. Test Engireer

i t, A -. " 41t, Varian L 3O0 504 Persh-rn.

Pdr' N y.rber Serial Number Envirorment

% ;.:*-" 7 :  B Vibratnon and !h Jck

Spe-imen Start Date Comletior. D :e

Klstr-r. 2 3Aug22 -5A 2

:es* A.i'horization and Specification Approval Date

Var.an direct:on 2L. Je n~-

P. Per sr.,nl

Tes: O:).:ectves: T3 r,,v the abilit-' of the Klystr.n to operate after being

s-njected to a shjck and vibrat,..n env,.ronment.

Pro edtlres: Varian direction.

Test Results: The Klystron was subiected to the required environments. All

per:ormance data was retained by Varian.

Remarks:
B2

29 024 ,7 7W Page of



TEST ORDER This Space for losl Lob Approval

Do'. 4- T,, Reque. Ao ___

lest tll l& t S Estimated Start Dole

Test Spe.imen 11/ Estimated Completion Dote

Sic Weght Estimoted Tooling Cost

Start Dote Desired '7-- A l Es' looling Compf Dote

Compleion Dote Desred

Account No v NTos No Est.moted Cost

Req,,esto E-1 E ny. Eng-nee,

A.Ihor,,ed tr E)i Appro-ed by

Sur vealon ce
Repo- :es.,ed Type of Test Required D-sposi.o.

0 Ro- Ph oto 0 Oval D.s,gnG o nn ~ Rf
Dai0 gropt's 0Pef 0,0 Reomer

0~ B". Derailed P & C Other OtherO Scrpr

Summary Report

Specat.: De'o, O l Tes' Includng lest Instrumentation Required

Plocedvres" F'ltures Required. Etc

jAtroch addt,onol pages as requ-red'

Specificotion and, or References Distribution

Requestor (1)

Environmentol Lob (21

(3) Total
S3



TEST SPECIMEN LI'N?\e3L4 P/P L/ Il k/ ~ . SERIAL NUMBER________

TEST PROCEDURE ___ _______ISSUE _______PR(VECT NUMBER______________

TEST TITLE _______________ _____TR NUMBER C1166___ DATE 92 "ASt-

ACCOUNT NUMBER C.6DPROJE(CT _______ENVIRONMENT K ~

PARA START END COMMENTS INITIALS DATE

0__ 3o_ _ s Et

____ 14 LNO' IT 1 "Z_____A

43~ I ____

64

07.011



Y Axis

Z Axis

X Axis



27 /Hz OUTPUT 10db/In.

14A 4J IT

i~~ ! I 1
I1 L

MJC

COD IDN NO SIZET-~

~~~DALJ4C~~ ICOOMAM 58



g9 IHZ OUTPUT I~db/ in.

m

CC

-at
at-C

Hq w

CODEIENT N Si-

Jg~ol."aVICTR COPANY15 79 6
"&"a$cmooft,& -1 o'sa.

B7SET O



A2/"I OUT1PUT Idb/ in.

.~~~. .C . . . . . .

- m

a ia

-t4.-

INI

fCODE IDENT NO S IZE h4
QDA.mo VICTOR COMdPANYr 15 75

U~uOB8 SHEETe~ Of.'~

___ __ ___o___-



07 /N OUYPT I0db in.

I~) = *~ U

0 0-

I0

I i l

.~ .A . .. . U

CODE IDENT NO SIZE

'~~AL2SeVICTosR C="PAWV 1 5 786 A

W-- C -Vo4a -4.
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APPENDIX C

VKU-7785F S/N B

POST VIBRATION TESTS
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Instruction: 5. 288

QUALITY ASSURANCE WORK INSTRUCTIONP 18 of 29 page

Title: PERIODIC CONFORMANCE INSPECTION TEST PROCEDURE Date: July 24, 1979
VKU-7785 F, S/N B

OD 53977

Section 6.0 Random Vibration (Section 5.2)

SPECIFICATION TUBE

TEST TEST CONDITION MIN. MAX. PERFORMANCE

1 2
(CHANNEL 

1)

RF Frequency & Frequency = Fo Po: 25.5 --- Po= 31..t J).b kW

Bandwidth & -500 MHz -3dB BW: 20 45 BW= 2.' 2.9 M-z

Channel Select
Time (Ref Par
4.5 & 4.7)

(CHANNEL 2)

Frequency = Fo Po: 25.5 --- Po= 3o.A _L.__kW

-325 MHz -3dB BW: 20 45 BW= -L7 2.jM-z

(CHANNEL 3)

Frequency = Fo Po: 25.5 --- Po= 3/ kW

-150 MHz -3dB BW: 20 45 BW= 2-. 3o M]Hz

(CHANNEL 4)

Frequency = Fo Po: 25.5 --- Po= a.,f4 :L_..kW

-3dB BW: 20 45 BW= -7 31 Mlz

(CHANNEL 5)

Frequency = Fo Po: 25.5 --- Po= ,7...t -Lf zLkW

+250 MHz -3dB BW: 20 45 BW= .3/ .. 2 .MHZ

(CHANNEL 6)

Frequency - Fo Po: 25.5 --- Po= , .. i 'l, kW

+500 MHz -3dB BW: 20 45 BW=3a. 31._M" z

Plane I Plane 2 Plane 3

Sta rt Finish Start Finish Start Finish

Be& voltage 2 4 1

Grid voltage

C2

VARIAN ASSOCIATES/Palo Alto Microwave Tube Division/Palo Alto, California 94303



QUALITY ASSURANCE WORK INSTRUCTION 5. 9 f288P~f

Title: PERIODIC CONFORMANCE INSPECTION TEST PROCEDURE Date: July 24, 1979

VKU-7785F, S/N BI
_______________________________________________________ OD 53977

Section 6. 0 Post Random Vibration Teats: (Section 5.2)

SPECIFICATION TUBE
TEST TEST CONDITION MIN. MAX. PERFORMANCE

Static Pressure Collector psi: 150 -- No Leaks Dc

(Ref Pam 4.21) Body psi: 150 -- No Leaks A

Body Current & Pulse Test Condition, Po: 25.5 -- Po= -. 7.. kW
Power Output A iby: -- 850 iby= 3oQjma
Pulsed
(Ref Pam 4.4 & Test Condition Verified ( -_______

4.23)

Output Load Pulse Test Condition, A
(Ref Nara 4. 9)

(CHANNEL 1)

1. 1: 1 Load Po: 25.5 -- Po- 31.' kW

1. 5:1 VSWR t: 5 - t: X' 4 mini.

1. 1: 1 Load Po: 25.5 P: 3/. q kW

(CHA NNE L 2)

1.1:1 Load P0: 25.5 -- Po: kW

1. 5:1 VSWR t: 5 -- t : .5,o min.
Mis match

1. 1:1 I-cad Po: 25.5 -- PO:k.4 W

(CHANNEL 3)

1. 1:1 Load P0: 25.5 Po: d W

*1. 5:1 VSWR t: 5 t: e min.
Mismatch

1. 1: 1 Lad Po: 25.5 -- Po: 3o.6 kW

VARIAN ASSOCIATES/Palo Alto Microwave Tube Division/Palo Alto, California 94303



Instruction 5. 288

QUALITY ASSURANCE WORK INSTRUCTION Pa 20 of 29 Pagr

Title PERIODIC CONFORMANCE INSPECTION TEST PROCEDURE Dat,: July 24, 1979

VKU-7785 F, S/N B

OD 53977

Section 6.0 F-ost Random Vibration Tests: (Section 5.2)

SPECIFICATION TUBE

TEST TEST CONDITION M N. MAX. PERFORMANCE

output Pulse Test Condition, A
Losd

(CHANNEL 4)

1. 1:1 Load PO: 25.5 Po: Jo (o kW

1.5:1 VSWR t: 5 t: 5. o min.
Mismatch

1.1:1 Load Po: 25.5 Po: 30 c kW

(CHANNEL 5)

1.1:1 Load Po: 25.5 --- Po: Z9,. kW

1.5:1 VSWR t: 5 t: min.
Mismatch

1.1:1 Load Po: 25.5 Po: . ,kW

(CHANNEL 6)

1.1:1 Load PO: 25.5 --- Po: 2 S kW

1.5:1 V-'R t: 5 t: .o min.
Mismatch

1. 1:1 Load Po: 25.5 Po: 21).% kW

(C4

VARIAN ASSOCIATES/Palo Alto Microwave Tube Division/Palo Alto, California 94303

. .- . - -- :,



Ifnstiruion: 5.288

QUALITY ASSURANCE WORK INSTRUCTION PeG 21 of 29 Pages

Title: PERIODIC CONFORMANCE INSPECTION TEST PROCEDURE Date: July 24, 1979
VKU-7785PF. S/N B

OD 53977

Section 6. u Post rAnut -a vibration Tests: (Section 5.2)

SPECIFICATION TUBE
TEST TEST CONDITION MIN. MAX. PERFORMANCF

1 2
RF Frequency & (CHANNEL 1)

Bandwidth & Frequency = Fo Po: 25.5 --- Po= Z1.3. Jo. kW
Channel Select -500 MHz -3 dB BW: 20 45 BW=4(o t9 MHz
Time
(Ref Par 4.5 &
4.7)

(CHANNEL 2)

Frequency = Fo Po: 25.5 --- Po= ZV 3,. kW
-325 MHz -3 dB BW: 20 45 BW=26 1 .L Miz

(CHANNEL 3)

Frequency = Fo Po: 25.5 --- Po= Z.9.3 _. kW
-150 MHz -3 dB BW: 20 45 BW=Z7 Jo MHz

(CHANNEL 4)

Frequency = Fo Po: 25.5 --- Po= joo kW
-3 dB BW: 20 45 BW= a' 2_._MHz

(CHANNEL 5)

Frequency = Fo Po: 25.5 --- Po: Z 9. 30.2. kW
+250 MHz -3 dB BW: 20 45 BW=,?o ?3 MHz

(CHANNEL 6)

Frequency = Fo Po: 25.5 --- Po= Z' ' a- _.kW

+500 MHz -3 dB BW: 20 45 BW=_a 3, MHz

C5
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Inmtuction: 5. 288

@ QUALITY ASSURANCE WORK INSTRUCTION p.,. 22 Of 29 Page,

Title PERIODIC CONFORMANCE INSPECTION TEST PROCEDURLE DOM July 24, 1979

OD 53977

Section 6. 0 Post Random Vibration Tests: (Section 5.2)

SPECIFICATION TUB3E
TEST TEST CONDITION MINI. MAX. PERFORMANCE

Tuning Pulse Test Condition, A 102 --- __

Capability Channel Changes
(Ref Pars 4. 11)

TESTED BY DATE_ _______

APPROVED BY DATE__________

WITNESSED BY C S A~A TLDE

C6

VARIAN ASSOCIATES/Palo Alto Microwave Tube Division/Palo Alto, California 94303



APPENDIX D

VKU-7795F SIN B

POST SHOCK TEST REPORT



lfflrution: 5. 2 88

QUALITY ASSURANCE WORK INSTRUCTION 23 of 29

Titl: PERIODIC CONFORMANCE INSPECTION TEST PROCEDURE Date: July 24, 1979

VKU-7785 F, S/N B OD 53977

Section 6.0 Post Operting Shock Tests: (Section 5.3)

SPECIFICATION TUBE

TEST TEST CONDITION MIN. MAX. PERFORMANCE

Static Pressure Collector 150 psi --- No Leaks ot
(Ref Pars 4.21) Body 150 psi ...... No Leaks .

Body Current & Pulse Test Po: 25.5 --- Po: 2./ kW
Power Output Condition, A iby: --- 850 iby= 3' ma
Pulsed
(Ref Pars 4.4 & Test Condition Verified
4.23)

Output Pulse Test Condition, A

Load
(Ref Pars 4.9)

(CHANNEL 1)

1.1:1 Load Po: 25.5 --- Po: 3.% kW

1.5:1 VSWR t: 5 --- t: . min.

1.1:1 Load Po: 25.5 --- Po: 30.6 kW

(CHANNEL 2)

1.1:1 Load Po: 25.5 --- Po: 30.-4 kW

1.5:1 VSWR t: 5 --- t: S-, mrin.
Mis match

1.1:1 Load Po: 25.5 --- Po: . o. kW

(CHANNEL 3)

1.1:1 Load Po: 25.5 --- Po: 2.,l kW

1.5:1 VSWR t: 5 --- t: 5 o min.
Mismatch

1.1:1 Load Po: 25.5 Po: 'iL' kW

D2

VARIAN ASSOCIATES/Palo Alto Microwave Tube Division/Palo Alto. California 94303



Inmucton: 5.288

QUALITY ASSURANCE WORK INSTRUCTION P 24 of 29 Pame

Title: PERIODIC CONFORMANCE INSPECTION TEST PROCEDURE Do": July 24, 1979
VKU-7785 F, S/N B

SPECIFICATION TUBE
TEST TEST CONDITION MIN. MAX. PERFORMANCE

Output Pulse Test Condition, A
Load

(CHANNEL 4)

1.1:1 Load Po: 25.5 --- Po: 2.9, - kW

1.5:1 VSWR t: 5 --- t: o min
Mismatch

1.1:1 Load Po: 25.5 Po: 2.1. kW

(CHANNEL 5)

1.1:1 Load Po: 25.5 --- Po: 0+ kW

1.5:1 VSWR t: 5 --- t: .o min.
Mismatch

1.1:1 Load Po: 25.5 Po - $I L kW

(CHANNEL 6)

1.1: Load Po: 25.5 Po: Z7.2 kW

1.5:1 VSWR t: 5 --- t: .o min.
Mismatch

1.1:1 Load Po: 25.5 PO: 2. P. kW

D3

VARIAN ASSOCIATES/Palo Alto Microwave Tube Division/Palo Alto, California 94303



U Ifmln: 5.288

QUALITY ASSURANCE WORK INSTRUCTION hP 25 of 29 Pam,

TiU: PERIODIC CONFORMANCE INSPECTION TEST PROCEDURE Date: July 24, 1979
VKU-7785 F, S/N B

IOD 53977

Section 6.0 Post Operating Shock Tests: (Section 5.3)

SPECIFICATION TUBE
TEST TEST CONDITION MIN. MAX. PERFORMANCE

(CHANNEL 1) 1 2

RF Frequency & Frequency - Fo Po: 25.5 --- Po=_.20e 3o.kW
Bandwidth & -500 MHz -3dB BW: 20 45 BW_& .. I.IMliz
Channel Select Time
(Ref Part 4.5 & 4.7)

(CHANNEL 2)

Frequency = Fo PO: 25.5 --- Po= 2_.4 3o,o kW
-325 MHz -3dB BW: 20 45 BW . .LMHz

(CHANNEL 3)

Frequency = Fo Po: 25.5 --- Po= A. z- 'Y?7 kW
-150 MHz -3dB BW: 20 45 BW= -- jo M]Hz

(CHANNEL 4)

Frequency = Fo Po: 25.5 --- Po= Z ,'. 29.,. kW
-3dB BW: 20 45 BW= 3o 2.0 MHz

(CHANNEL 5)

Frequency = Fo Po: 25.5 --- Po= 27.s .4_kW
+250 MHz -3dB BW: 20 45 BW=.. 3Z MHz

(CHANNEL 6)

Frequency = Fo Po: 25.5 --- Po=_,"i 2 L/kW
+500 MHz -3dB BW: 20 45 BW=3. 1 1. MHz

D4

VARIAN ASSOCIATES/Palo Alto Microwave Tube Division/Palo Alto, California 94303



Im ulrction: 5.288

QUALITY ASSURANCE WORK INSTRUCTION POP 26 Of 29 Pow
Tfi: PERIODIC CONFORMANCE INSPECTION TEST PROCEDURE Dae: July 24, 1979

VKU-7785 F. S/N B

I OD 53977

Section 6.0 Post Operating Shock Tests: (Section 5.3)

SPECIFICATION TUBE
TEST TEST CONDITION MIN. MAX. PERFORMANCE

Tuning Pulse Test Condition, A 102 --- /02

Capability Channel Changes
(Ref Pars 4.11)

p

* APPROVED BY DATE__________

WITNESSED BY OLASCLwO. A'H DATE S-S8

a

D
VoA

TAEANASTCETD/Pao lt M.roav ATEb Diis-/l Alto-, Caif.i.940
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VKU-7785F S/N B
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Inlstructon: 5,288

QUALITY ASSURANCE WORK INSTRUCTION P,, 13 of 29 P,"..

Title: PERIODIC CONFORMANCE INSPECTION TEST PROCEDURE Date: July 24, 1979
VKIU-7785 F, S/N B

OD 53977

Section 6.0 Post Temperature Cycling Tests: (Section 5.1)

SPECIFICATION TUBE

TEST TEST CONDITION MIN. MAX. PERFORMANCE

Static Pressure Collector psi: 150 --- No Leaks oA<

(Ref Par 4.21) Body psi: 150 --- No Leaks 0'c

Heater Current Ef = 9.0 V rms If: --- 8.0 If= 7. 3S A
(Ref Para 4.1)
Peak Cathode Pulse Test

Current Condition, A
(Ref Para 4.2) Drive Power = 0 ik: --- 4.0 ik= 3. 3 a

Leakage Ef =9.0 V rms LIe: 3 --- LIc= .1 mA
Current
(Ref Para 4.8) Eb -26 kVdc

Ec = -29.4 kVdc

Body Current & Pulse Test Po: 25.5 --- Po= Z8.g kW

Power Output Condition A iby: --- 850 iby= . z ' ra
Pulsed
(Ref Para 4.4 &
4.23) Test Condition Verified ( ...-

°E3



Inletuston: 5. 288

QUALITY ASSURANCE WORK INSTRUCTION Ps" 14 of 29 Pae.
Title: PERIODIC CONFORMANCE INSPECTION TEST PROCEDURE DOtW: July 24, 1979

VKU-7785 F, S/N B O
OD 53977

Section 6.0 Post Temperature Cycling Tests: (Section 5. 1)

SPECIFICATION TUBE

TEST TEST CONDITION MIN. MAX. PERFORMANCE

Output Pulse Test Condition, A
Load
(Ref Parm 4.9)

(CHANNEL 1)

1.1:1 Load Po: 25.5 Po: 3 .g kW

1. 5:1 VSWR t: 5 --- t: .0 min.

1. 1:1 Load Po: 25.5 --- Po: .32.. kW

(CHANNEL 2)

1.1:1 Load Po: 25.5 Po: 32.6 kW

1.5:1 VSWR t: 5 t: ,.o nn.
MIs match

1.1:1 Load Po: 25.5 Po: 3,.o kW

(CHANNEL 3)

1.1:1 Load PO: 25.5 --- Po: 32,5" kW

1.5:1 VSWR t: 5 --- t: 0 o rrn.
Mismatch

1.1:1 Load Po: 25.5 Po: 3/, kw

E4
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( ) instructon: 5. 288QUALITY ASSURANCE WORK INSTRUCTION Pete 15 of 29 Pages

Title: PERIODIC CONFORMANCE INSPECTION TEST PROCEDURE DOt,: July24, 1979
VKU-7785 F, S/N B

OD 53977

Section 6.0 Post Temperature Cycling Tests: (Section 5.1)

SPECIFICATION TUBE
TEST TEST CONDITION MIN. MAX. PERFORMANCE

Output Load Pulse Test Condition, A
Load

(CHANNEL 4)

1.1:1 Load Po: 25.5 --- Po: 31.7 kW

1.5:1 VSWR t: 5 --- t: .. min.
Mismatch

1.1:1 Load Po: 25.5 --- Po: 30. kW

(CHANNEL 5)

1.1:1 Load Po: 25.5 --- Po: 3/,7 kW

1, 5:1 VSWR t: 5 --- t: ,So min.
Mi s match

1.1:1 Load Po: 25.5 --- Po: ,,-O. kW

(CHANNEL 6)

1. 1:1 Load Po: 25.5 --- Po: j0.2. kW

1.5:1 VSWR t: 5 --- t: S.0 min.
Mismatch

1. 1:1 Load Po: 25.5 Po: 92. kW

Hot Insertion Loss Po: -47 ---- SO dB
(forward)

(R3f Para 5. 1)

E5



Instruction- 5.988

@ QUALITY ASSURANCE WORK INSTRUCTION P011 16 of 29 Pages

Title: PERIODIC CONFORMANCE INSPECTION TEST PROCEDURE Date: July 24, 1979

VKU-7785 F. S/N B
OD 53977

Section 6.0 Post Temperature Cycling Tests: (Section 5.1)

SPECIFICATION TUBE

TEST TEST CONDITION MIN. MAX. PERFORIANCE

(CHANNEL 1) 1 2

RF Frequency & Frequency = Fo Po: 25.5 --- Po= 3Z.1 L. LkW
Bandwidth & Channel -500 MHz -3dB BW: 20 45 BW= zq .. MHz
Select Time (Ref
Pars 4.5 & 4.7)

(CHANNEL 2)

Frequency = Fo Po: 25.5 --- Po= 31.f jL.pkW
-325 MHz -3dB BW: 20 45 BW=% 2. % MHz

(CHANNEL 3)

Frequency = Fo Po: 25.5 --- Po= 32.5 32-5 kV
-150 MHz -3dB BW: 20 45 BW=_., .j NfHz

(CHANNEL 4)

Frequency = Fo Po: 25.5 --- Po= 3..2. -Lt.ikW
-3dB BW: 20 45 B= 3 jo ..MHz

(CHANNEL 5)

Frequency = Fo Po: 25.5 --- Po= 31,7 _jj kW
+500 MHz -3dB BW: 20 45 BW=_Il_ .jM_ rHz

(CHANNEL 6)

Frequency = Fo Po: 25.5 --- Po= 3 0 I 3.. kW
+500 MHz -3dB BW: 20 45 BW=j! Y. MHz

Tuning Pulse Test Condition, A 102 --- /

Capability Channel Changes
(Ref Pam 4. 11)

E6



inmuction: 5.288

QUALITY ASSURANCE WORK NSTRUCTION P89' 17 Of 29 Page-
TitW PERIODIC CONFORMANCE INSPECTION TEST PROCEDURE Date: July 24. 1979VKU-7785 F, S/N B

OD 53977

Section 6.0 Post Temperature Cycling Tests: (Section 5.1)

SPECIFICATION TUBE

TEST TEST CONDITION MIN. MAX. PERFORMANCE

Pulse Duty (RF) Pulse Test Condition, RF Pulse .03672 --- Du=_ o_?
Factor A Du: max.

.03528
min.

Beam Duty Pulse Test Condition Beam Du: .05610 Du= ,
Factor max.
(Ref Para 4.12) .05390

min.

Capacitance Control Electrode to Cg: 100 Cg: .
(Ref Pam 4. 13) aU other electrodes

Motor Pulse Test Condition Current: --- 5.0 6
Transient (Lock-Unlock Motor) Current: --- 5.0
Current (Tune Motor)
(Ref Pars 4.14)

Motor/Clutch (Lock-Unlock Motor) Current: --- 1.0 0.,5 A
Operating (Tune Motor) Current: --- 1.0 0. 1 A
Current Current: --- 0.5 .. A
(Ref Pam 4.15)

TESTD BYDATE___________

APPROVED BY DATE_________

WITNESSED BY (RM ATE " ",). I ATE

E7
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VKU-7785F SIN B

CERTIFICATE OF CONfFORMANCE
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IWraf/611 hanmsn way/palo alto/caifornia 94303/u.s.a.1415I493.4000

TO: GENERAL DYNAMICS - 1OHNA. CALIPORNIA

ATTN:

CERTIFICATE OF CONFORMANCE

Buyer's Purchase Order No. P342424

N00123-81-C-245 Nod 1 00002
Customer Part No. . _ , 8pec No. VS18608 Drawing No. 5186595

Varian Part No. 1_ __778_F Spec No. 5.288 Drawing No. 1092650

Serial Numbers ,

Seller certifies that:

1. All final products were tested and inspected to verify compliance with all specified per-
formance and configuration requirements.

2. Records of these tests and inspections are maintained on file for time periods determined
by Varian management and are available for review to the extent necessary with the
exception of the disclosure of proprietary information.

3. All tests and inspections of final product were performed with equipment calibrated in

accordance with MIL-C-45662A with traceability to the National Bureau of Standards.

4. All materials utilized in the fabrication of above products were subjected to tests and
inspection to verify compliance with applicable specifications or were accepted based

on suitable objective evidence of compliance submitted by supplier.

Biped
F 2Pl E. Gled ing, Man e
Product Assurance /

2 Plo Alto Microwave Tube lvision



DA E

ILMED


