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ABSTRACT /qé/] D

The purpose of this investigation was to perform certain tests
involving a variety of magnet wire types, sizes, and joining methods
with the end goal being to accumulate sufficient test data to establish a
preferred technique or techniques for stripping insulation from fine
magnet wires and for connecting these fine magnet wires to heavier
nickel wires. This evaluation included the preparation and testing of
1485 specimens (each specimen consisting of two interconnections)
using the following materials and techniques:

a) Three sizes of copper magnet wire (#42 AWG, #46 AWG, and

#50 AWG).
b) Three types of heavy wire insulation (Formvar, Isonel, and
ML).

c) Two wire stripping methods (chemical and mechanical

stripping).

d) Four joining techniques (manual soft soldering, fusing in

a torch flame, soft solder pot dipping at 1000° F, and silver
solder pot dipping at 1200° F). Manual soft soldering was
done using stripped magnet wire, but'the torch fusing and
dipping techniques were done using wire from which the

insulation was not removed.

Testing of the magnet wire specimens included:
a) Electrical resistance before and after humidity exposure and
temperature cycling.
b) Tensile testing before and after humidity exposure and
temperature cycling.
¢} Visual examination under 20X magnification before and after
humidity exposure and temperature cycling. A‘V >
All test results were recorded on a total of 33 Raw Data Sheets.
Since data analysis was precluded under the terms of this contract,
definite recommendations as to the preferred stripping and connection

techniques could not be made. However, it is felt that manual soft

1ii




soldering appeared superior to the other joining methods and that

chemical wire stripping was superior to mechanical wire stripping

(by manual abrasion methods) providing the potential corrosion

hazard could be neglected.
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MAGNETIC WIRE STRIPPING AND CONNECTION
METHOD EVALUATION

1. PURPOSE AND SCOPE

There are currently many techniques for removing insulation
from fine magnet wires (#40 to #50 AWG) and connecting these magnet
wires to heavier nickel wires used as lead terminals (#22 AWG). Each
of these techniques has certain elements which contribute to high relia-
bility and other elements which may contribute to early failure. This
evaluation program is aimed at establishing the preferred technique or
techniques which result in the highest reliability and least spoilage.
Improved reliability, in this respect, will lower the incidence of failure
due to opening of Windings caused by corrosion or mechanical tests.

This evaluation will include the usage of: a) three sizes of copper
magnet wire (#42 AWG, #46 AWG, #50 AWG); b) three types of heavy
wire insulation (Formvar, Isonel-200, ML); c) two wire stripping
methods (chemical and mechanical stripping); and d) four joining tech-
niques (manual soft soldering, fusing in a torch flame, soft solder pot
dipping at 1000° F, and silver solder pot dipping at 1200° F).

This testing evaluation was accomplished under JPL Purchase
Order No. K5-330257 and was of 6 months duration covering the period
from June 15, 1965 through December 11, 1965. The work accomplished
was in accordance with JPL Statement of Work, Test No. 951.00-03
dated December 9, 1964 and JPL Exhibit 2 dated May 5, 1965. Mr. E.
Wiler was the JPL Project Engineer on this program and Mr. F. Keister
was the Hughes Project Engineer. A Detailed lest Procedure, dated
September 13, 1965, was approved by JPL on September 16, 1965. This
Detailed Test Procedure covered the methods of preparing and testing
the 1485 magnet wire specimens for this program and is included,
essentially in its original form, in Sections 2 through Section 7 of this
final report.

The tests performed under this evaluation included:

a) Electrical resistance before and after moisture resistance

per MIL-STD-202C, Method 103B, Test Condition A.



b) Electrical resistance before and after temperature cycling
per MIL-STD-202C, Method 102A, Test Condition C.
c) Tensile testing before and after moisture resistance and

temperature cycling.

Since data analysis was precluding under the terms of the contract,
definite conclusions regarding the preferred interconnection methods

could not be made.



2. MAGNET WIRE TYPES AND JOINING METHODS

Table I is a complete listing of the magnet wire types and sizes
to be used in this program, These magnet wire types are all in
accordance with MIL-W-583C, All wires are insulated with a heavy
film coating. The Formex and Formvar wire is Class 105, Type T2.
The Thermaleze and Isonel wire is Class 155, Type L.2. The ML wire
is Class 200, Type K2,

Table II lists the magnet wire types and sizes together with the
five joining methods and the number of specimens. The 45 specimens
in each applicable block in Table II will be divided into two groups.
Group A will consist of 24 specimens joined by Operator A, Group B

will consist of 21 specimens joined by Operator B, Thus two operators

will participate in each joining method for each type of specimen.
Operator A will be an experienced operator in that she has worked for
a number of years with stripping and joining magnet wire for trans-

former and coil assemblies. Operator B is an inexperienced operator,

Mag- Bare
wire | Type of Insulation Vendor  Magnet
Size : (inches)
(AWGQG)
42 Formex General Electric 0.0025
46 Formvar Hudson Wire 0.0016
50 .Formirar Hudson Wire 0.0010
42 | Thermaleze-200 Phelps Dodge 0.0025
46 | 1sonel-200 Hudson Wire 0.0016
50 |’ "Isonel-200 Hudson Wire 0.0010
2 | M.L. Hudson Wire 0. 0025
46 ‘M. L Hudson Wire 0.0016
50 M. L. Hudson Wire 0.0010

Table I. Listing of magnet wire sizes and types,



Magnet Wire Type and Size

)
N
s w| ow
« Xl o o
El = < 2] 2] >
AN IR N I
Joining Method S|l 91 9 o o o A 4
g AR
4R e+ N« r i R« v R« R T« o < e s v < o
N|vw|]o|l N|lwW|[Oo]n| 0] O
$ Flw]|l | | wlF] F| v
o3| ow ] o W) oW | 3] o | oW
1. Mechanically strip 45| 451 45 | 45| 45| 45
and soft solder using
Ersin SAVBIT #1,
2. Chemically strip 45| 45| 45 | 45| 45| 45
and soft solder using
Ersin SAVBIT #1.
3. Fuse in torch 45| 45| 45| 45| 45| 45| 45| 45| 45
flame.
4. Solder pot using
Ersin SAVBIT #1, 45| 45| 45| 45] 45| 45
5. Silver solder pot 45| 45| 45| 45| 45| 45

A total of 1485 specimens per Table II will be prepared and

Table II.

methods, and number of specimens.

for resistance microwelding.

2970 iﬁtércbnnections will be involved.

tin/48.6 percent lead/1.4 percent copper.

Listing of magnet wire types and sizes, joining

but has been certified for soldering per NASA Electrical Assembly
Specification MSFC-PROC-158B and has been qualified and certified,

tested; Since each specimen requires two interconnections, a total of

"Note: Ersin SAVBIT #1 solder is essentially an alloy of 50 percent




3. SPECIMEN REQUIREMENTS

Each specimen will consist of a 6 inch length of the applicable
magnet wire connected at each end to a 2 inch length of gold plated #22
AWG nickel wire as shown in Figure 1. Six turns of the magnet wire
will be wrapped around the nickel wire in an approximate length of 1/4-
inch. The nickel wire is 0,025 inch diameter and is per MIL-STD-
1276, Type N2 with gold plating per MIL-G-45204, Type I, Class 1.
The dimensions in Figure 1 are, of course, only approximate since

this type of specimen cannot be held to accurate dimensional tolerances,

NICKEL WIRE /WET WIRE /e NICKEL WIRE
: —1! ] r‘—- :

ey T

i

NICKEL WIRE G TWMNS MINIMUM WRAP

MAGNET WiRE

/

:Géniiguvration for joining m;’g@e’t' wire to nickél wire.




4. DATA HANDLING

Raw data shall be recorded on forms similar to Figure 2, A
total of thirty-three (33) raw data sheets will be required to record the
data for the 1485 specimens listed in Table II. No data analysis will be
done. Specimens 1 thru 8, 16 thru 23, and 31 thru 38 will be prepared
by Operator A, Specimens 9 thru 15, 24 thru 30, and 39 thru 45 will
be prepared by Operator B.

JPL CONTRACT K5-330257
WIRE TYPE & SIZE JOINING METHOD

SPELIMEN INITIAL RESISTANCE | RESISTANCE CAEAK PornT OF
AFTER &R
HMUMBER RESISTANCE |, AFTER | ARTéR Foncd SREAK

b oo | I jn je fu0 i |-

il

Figure 2, Typical raw data form.
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5. PREPARATION OF SPECIMENS FOR JOINING

5.1 Cutting Wires to Length

Magnet wire types as follows will be precut to lengths of 7 1/2"
and laid in designated trays:

180 lengths each of #42, #46, #50 AWG Isonel and ML magnet
wire.

300 lengths each of #42, #46, #50 AWG Formvar magnet wire,

Cutting of 15 extra wires in each group has been done to allow for
spoilage during joining.

The nickel wire will be cut into 3000 lengths each 2' long. After
cutting, the nickel wire lengths will be kept in a beaker of methyl alco-
hol until ready for joining. Of these 3000 lengths of nickel wire, 800
pieces will be notched with a small file in one end as shown in Figure 3.
The purpose of notching will be explained later. These 800 notched

pieces will be kept in a separate beaker of methyl alcohol.

5.2 Mechanical Stripping of Magnet Wire

Sixty lengths each of #42, #46, and #50 AWG Formvar and ML
magnet wire will be manually stripped. Stripping of the #42 and #46
AWG wire will be done using 400 weight aluminum oxide cloth. Strip-
ping of the #50 AWG wire will be done using 600 grit silicon carbide
paper. Immediately prior to mechanical abrading, the magnet wire is
passed very quickly over the flame of an alcohol burner. This softens
the insulation enough so that gentle rubbing of the wire between the folds
of the abrasive cloth using only light finger pressure will strip off the
insulation with a minimum amount of spoilage. Each 7 1/2'" length of
magnet wire will be stripped approximately 1'" back from each end as
shown in Figure 4, Particular care must be used in stripping the #50
AWG wire to avoid breaking the wire, The stripped lengths of Formvar
and ML magnet shall be placed in separate trays according to type and
size. In no case shall the stripped end be touched with the bare hands,
During stripping if any wire has been abraded such that the diameter

has been reduced by 1/5, that length of wire shall be discarded. All




%22 AWG GoLd PLATED
NWCKEL wiRE

l NOTCH\;.| l._"_6

"

Figure 3. Notched nickel wire,

‘-—:"—~i , l‘— \"—;’

INSULATED WMAGNET w\ne/ //

STRIPPED STRIPPED
EwWD END

Figure 4, Stripped magnet wire,

manually stripped wires shall be inspected under 20 X magnification for

complete insulation removal and any excessive abrading,

5.3 Chemical Stripping of Magnet Wire

5.3.1. Sixty lengths each of #42, #46, and #50-AWG Formvar magnet
wire shall be chemically stripped using Lonco No. 416 Cold Wire Strip-
per. Bundles of wite may be stripped simultaneously providing each
wire within the bundle is adequately stripped. Each 7 1/2'" length of
wire will be stripped for a.minimum distance of 1" back from each end
as shown in Figure 4.

Stripping shall be done as follows:

Step 1. Place stripper {(Lonco No, 416) in a glass beaker at room

temperature,
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Step 2. Immerse one end of the magnet wire to a depth of
approximately 1" in the stripper and hold for 45 seconds.

Step 3. Remove the wire and immediately wipe with a clean cloth
to remove any insulation residue,

Step 4. Immerse in a beaker of neutralizer (equal parts of dis-
tilled water and isopropyl alcohol). Hold for 30 seconds.

Step 5. Remove and wipe dry with a clean cloth,

Step 6. Repeat Steps 2 thru 5 for the other end of the magnet
wire,

Step 7. Inspect under 20 X magnification for complete insulation
removal and place in a marked tray using care not to touch the stripped

ends with the fingers,

5.3.2 Sixty lengths each of #42, #46, and #50 AWG ML magnet wire
shall be chemically stripped using Fidelity #956 ML insulation stripper.
Bundles of wire may be stripped simultaneously providing each wire
within the bundle is adequately stripped. Each 7 1/2'" length of magnet
wire will be stripped for a minimum distance of 1" back from each end

as shown in Figure 4, Stripping shall be done as follows:

Step 1. Place #956 Stripper in a glass beaker and heat to 212-
225°F. Place a 5% solution of Fidelity Neutralizer (5 grams of Neu-
tralizer to 100 grams of water) in a glass beaker and heat to 100-150°F,
Place Fidelity #958 Drying Solution in a glass beaker at room tempera-
ture, ’

Step 2. Immerse one end of the ML magnet wire to a depth of
approxxmate}y l" in the #956 stripper and hold for 3 minutes.

Step 3.° Remove and immerse in the Neutralxzet for 30 seconds,

Step 4. p Remove and immerse in the Drying Solution for 10 sec-
onds,

Step 5. Remove and wipe dry with a clean cloth to remove any
residue,

Step 6. Repeat Steps 2 thru 5 for the other end of the magnet wire,

Step 7. Inspect under 20 X magnification for complete insulation
removal and place in a marked tray using care not to touch the stripped

ends with the fingers,

11



6. JOINING METHODS

6.1 Manual Soft Soldering

In accordance with Table II, 90 specimens each of #42, #46, and
#50 AWG Formvar and ML magnet wire will be manually soft soldered,
Of these 90 specimens each, 45 each will be mechanically stripped and
45 each will be chemically stripped. Soft soldering techniques will be
identical regardless of the stripping method.

6. 1.1 Materials and Equipment:

a) Oryx Model 6A soldering iron (6 watts, 6 volts) with a P tip
(1/16" diameter).

b) Ersin Savbit Type I Multicore Solder (No. 22 S. W. G. diam-
eter, No. 364 flux core),

c) 1,1,1 Trichloroethane per O-T-620,

6. 1.2 Procedures:

Step 1. Briefly clean each end of the stripped magnet wire by a
quick dip in methyl alcohol followed by wiping dry with a clean cloth.

Step 2. Wrap the stripped magnet wire around the end of the
nickel wire 6 turns minimum per Figure 1 using a pair of tweezers.
Only the stripped portion of the magnet wire shall be wrapped.

Stef: 3. Place the nickel wire in a fixture, such as a small vise,
with the wire inclined at an angle of approximately 45° to the vertical
and located beneath a microscope at a magnification of 15x minimum,
Refer to Figure 5.

i F‘S'i':epé.’ Place the hot tinned tip of the soldering iron at the end
junction of the nickel wire and magnet wire and apply the flux cored
solder to the other side of the joint until an adequate solder fillet has
formed. Refer to Figure 6, and Figure 7.

Step 5. Remove the soldering iron tip and solder from the joint
with a slight wiping motion. The solder should wet and cover the mag-

net wire - nickel wire joint such that the helical outline of the wrapped

13




NIckEL WIRE

MAGNET wWIRE

VISE o
JAWS o’

Figure 5. Nickel wire clamped in fixture,

Ersin SAVBYT Type 1 soider

: . Nukei wire

Figure 6, Manual soft soldering,
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Figure 7. Manual soft soldering joining method. (R105890)
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magnet wire is visible., The appearance of the solder joint should be
continuous, bright, and shiny with a feather edge., Inspection shall be
under 20 X magnifica.tion.

Step 6. Immerse the solder joint in a beaker of trichloroethane
for 30 seconds or longer to remove flux residues,

Step 7. Repeat Steps 2 thru 6 for the other stripped end of the
magnet wire. The final specimen should be dimensionally in accord-
ance with Figure 1.

Step 8. Place the soldered specimen carefully in the proper slot

of the special corrugated container so that it lays straight.

Note: During preparation of the soldered specimens, if any
soldered joint is unsatisfactory or if the magnet wire breaks, that
specimen shall be rejected and a new specimen shall be made to take
its place. A record shall be kept of all spoiled specimens with the
cause of spoilage, if known. This statement applies equally to all
specimens in this program, including those which are joined by torch

fusing, soft solder dipping, ,and silver solder dipping.

6. 2 Torch Fusing

In accordance with Table II, 45 specimens each of unstripped
#42, #46, and #50 AWG Formvar, Isonel (155°C), and ML magnet wire
will be prepared by fusing in a torch flame. The method of torch fusing
will be identical regardless of the type and size of magnet wire
involved. -

6. z. 1 Materials and Equipment:
a) Henes Water Welder, Model S, with a Booster assembly,
Variac, and #30 gage torch tip (0. 0030" tip orifice inside
~ diameter). |
b) Silver solder - flux mixture prepared by mixing 55% Handy
Flux with 45% Easy-Flo #35 silver brazing alloy (100 mesh
powder) by weight, Add water to the mixture until a paste is
formed, Note: Easy-Flo #35 has a composition: Silver -

35 percent, copper - 26 percent, zinc -21 percent, cadmium -
18 percent.

16



c) Beaker of hot water.

6. 2.2 Procedures:

Step 1. Adjust the Variac so as to have 84 volts input to the
water welder. With the power switch. in the LO position, light the #30
torch tip with a match,

Step 2. Wrap one end of the unstripped magnet wire around the
end of the nickel wire 6 turns minimum per Figure 1 using a pair of
tweezers,

Step 3. Dip the wrapped joint in the flux~silver brazing alloy
paste, so that the wrapped portion of magnet wire is completely
covered, ‘

Step 4. Place the unwrapped end of the nickel wire in a fixture,
such as a small vise, with the wire inclined at an angle of approxi-
mately 45° to the vertical and located beneath a microscope at a magni-
fication of 15 Xminimum, Refer to Figure 5.

- Step S.Applyﬁhetarch flame to the end of the nickel wire care-~
fully, keeping the torch flame in constant motion to assure uniform
heatiﬁg. Heat the joint until the brazing alloy flows freely over the
magnet wire, Fusing must be done carefully to avoid playing the flame
directly over the magnet wire. Refer to Figure 8, and Figure 9.

Step 6. Immediately immerse the fused joint in the beaker of hot
water (150 - 200°F) until the hard glassy flux residue is softened and
removed. Gentle brushing of the flux residue will assist in its removal.

‘Stevp 7. Inspect the torch brazed joint under 20 Xmagnification.
The helical turns of magnet wire should be completely covered with
brazing alloy with only their outline visible. The joint should have a
bright silvéry appearance with evidence of good wetting of the nickel
wire, ,

Step 8. Repeat Steps 2 thru 7 for the other end of the magnet
wire. The final specimen should be dimensionaily in accordance with
Figure 1.

Step 9. Place the torch fused specimen carefully in the proper

slot of the special corrugated container so that it lays straight.

17




Torch fusing joining method.
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FLUR=SILVER BRAL\NG ALLOY

TORCH FLAME

.

230 vToreH TIP
MAGRET WIRE

NitkEL wiRE

S e— vise JAWS

Figure 9. Torch fusing,

6.3 Soft Solder Pot Dipping

In accordance with Table II, 45 specimens each of #42, #46, and

#50 AWG Formvar and Isonel (1550C) magnet wire will be prepared by

dipping in a solder pot filled with Ersin Savbit No. 1 solder,

The mag-

net wire will not be stripped for this joining operation.

6.3.1 Materials and Equipment:

a)
b)
c)
d)

Dee Model 12 melting pot (300 watts),
Ersin Savbit No. 1 solder (#14 S, W.G. ).
Handy Flux Type TEC,

Beaker of hot water.

6. 3.2 Procedures:

Step 1.

Melt the Ersin Savbit No. 1 solder in the melting pot

under a hood to burn off the flux core.

19



Step 2. Adjust the molten solder temperature to 990 - 1000°F,

A thermocouple shall be used to periodically check the correctness of
the solder temperature.

Step 3. Wrap one end of unstripped magnet wire around the end
of the nickel wire 6 turns minimum per Figure 1 using tweezers,
Wrapping of the #46 and #50 AWG magnet wire shall be done around a
notched nickel wire (see Figure 3). The last wrap shall be around the
notch to secure the magnet wire during the subsequent dipping operation.

Step 4. Dip the connection into a container of TEC flux so that
the helical magnet wire wrap is covered.

Step 5. Using a suitable scraper (such as a tungsten blade)
scrape the dross from the top of the molten solder surface and imme-
diately dip the fluxed connection into the clean solder to a depth cover-
ing the helical magnet-wire wrap. Dipping shall be done with a straight
up-and-down motion. Dwell time in the solder pot shall be 1 - 2 sec-
onds for the #46 and #50 AWG Magnet wire and 4 seconds for the #42
AWG magnet wire. See Figure 10 and Figure 11,

Step 6. Slowly withdraw the joint from the solder pot and allow
the solder to solidify (approximately 10 seconds). Dip the joint into
the beaker of hot water to remove any flux residue and allow to air dry.

Step 7. Inspect the solder joint under 20 X magnification, The
solder joint should be of a bright, shiny appearance with the outline of
the magnet wire visible beneath the solder. The nickel wire should be
wet and the solder fillet should have a feather edge.

St&p&, “Repeat Steps 3 thru 7 for the other end of the magnet
wire, Thefinal specimen should be dimensionally in accordance with
Figure 1, =

»Steﬁ»‘). Place the specimen carefully in the proper slot of the
special corrugated container so that it lays straight.

6. 4 Silver Solder Pot Dipping

In accordance with Table II, 45 specimens each of #42, #46, and
#50 AWG Formvar and Isonel (155°C) magnet wire will be prepared by
dipping in a solder pot filled with Easy-Flo #35 silver brazing alloy.

20
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Figure 10. Soft solder pot dipping.
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Figure 11.

Soft solder pot dipping joining method.

22

(R105891)




The magnet wire will not be stripped for this joining operation and no

flux will be used.

6.4.1 Materials and Equipment:

a) Dee Model 11Y melting pot (400 watts).
b) Easy-Flo #35 silver brazing alloy.
c¢) Dross retardant made by mixing 4 pbv Handy Flux powder

with 1 pbv boric acid,

6.4.2 Procedures:

Step 1. Melt the Easy-Flo #35 silver brazing alloy in the solder
pot. The molten silver solder temperature shall be maintained between
1200-1250°F as monitored by a thermocouple.,

Step 2. In order to inhibit dross formation on top of the molten
silver solder it will be necessary to occasionally sprinkle a small
amount of Handy Flux - boric acid powder on top of the silver solder,
A cover shall be kept over the top of the solder pot when not in use.

Step 3. Wrap one end of the unstripped magnet wire around the
end of the nickel wire 6 turns minimum per Figure 1 using tweezers.
A notched nickel wire (see Figure 3) should be used for #46 and #50
AWG magnet wire with the last wrap being around the notch for
mechanical security during dipping.

Step 4. With a suitable scraper (such as a tungsten blade),
scrape any dross from the top of the molten silver solder and immedi-
ately dip the fluxed corinection into the clean silver solder to a depth
covering the hehcal wrap (approx:mately 1/4 inch). D).ppmg shall be .

done with a stramrht uo..and -down motion, Dwell time in the 3_1

,“

solder shaﬂ be from 1 to 2 seconds (see Figure 12).

‘ Step & Inspect the silver soldered joint under 20 X magmﬁca- _
tion The Jomt should have a bright gold appearance. Coverage of the
wrapped magnet wire shall be complete. No burning or charring of the
unwrapped magnet wire shall be evident,

Step 6. Repeat steps 3 thru 5 for the other end of the magnet
wire. The final specimen should be dimensionally in accordance with

Figure 1.
Step 7. Place the specimen carefully in the proper slot of the

special corrugated container so that it lays straight,
23
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7. TESTING

7.1 Test Flow Chart

The prepared specimens will be submitted to the tests in the

sequence shown in Figure 13,

45 Units Each Lot

Visual
Examination

Visual
Exarnination

Visual
Examination

Electrical
Resistance

Specimens
1-15
Pull Test

Electrical
Resistance

Specimens
16 - 30
Moisture
Resistance Test

Specimens
31 - 45
Temperature
Cycling

Electrical
Resistance

Electrical
Resistance

Visual
Examination

Visual
Examination

Pull Test

Pull Test

Figure 13. Flow chart for testing of specimens.
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7.2 Visual Examination

Each specimen (2 joints) shall be visually inspected under 20X
magnification using a Leitz Wetzlar binocular microscope assisted by
an Americal Optical Illuminator Model 11144, Visual inspection will
be done following initial fabrication as described in Paragraphs 6.1. 2,
6.2.2, 6.3.2, and 6. 4. 2 and after moisture resistance testing and
temperature cycling.

A specimen shall be considered to have failed if there is any
corrosion evident following moisture resistance testing or tempera-
ture cycling or if the wire breaks at or near (within 1/8-inch) the ter-
mination during temperature cycling. If during stripping of the magnet
wire the wire is abraded or etched to a depth in excess of 1/5 the wire

diameter, it shall be considered a failure,

7.3 Pull Test

7.3.1 Equipment:
a) Instron Tensile Tester, Model TTC-M1-M4,
b) Parallel-grip jaws.
¢} Tensile Load Cell B.

7.3. 2 Procedures:

Step 1. Set up the Instron Tensile Tester on the 0-100 gram
range using a qrc-ss"h‘e};d speed of 12 inch/minute and a chart speed of
10 inch/minute. B o

Step 2. Align the gpecimen in the parallel-grip jaws as shown in
Figure 14. The jaws sh,éuld grab the nickel wire approximately 1/2-1
inch from the free end. Alignment shall be done carefully to avoid
stressing the joints, See Figure 15.

Step 3. Apply a gradually increasing load to the specimen until
either the magnet wire breaks or one of the two joints fail.

Step 4. Record the breaking force (in grams) on the applicable
Raw Data Form and also record the location of the break (e.g., joint

failure; wire failure 2" from joint, etc.). A failure within 1/8'" of the
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(FIXED POSITION)

WIRE SPECIMEN

e

LOWER JAWS
(MOVABLE)

1
—

Figure 14, Sketch illustrating a typical wire specimen clamped
in jaws of Instron Tensile Tester.

joinf shall be 'cqnsi‘de';edr‘a’joinf failure. Failures of the magnet wire
shall be “re:(:o‘rded‘vién distance from the jéint clamped in the upper jaws.

Step 5 ‘R’evaoiré‘ the two pieces of the broken specimen from the
jaw;-'éfjvt"k-m‘ Instron Tenéile Tester and tape them together with a suita-
ble,iﬂéﬁtiﬁcation. All specimen pieces shall be bagged and identified
for Siibin:ittal to JPL at the end of the program.

7.4 Electrical Resistance Test

7.4.1 Equipment:

a) Electrical resistance test fixture with Daymarc Model 131-40

Four Terminal Kelvin Connection Jig and Model 131-401 Adapter Base.
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Figure 15. Operator adjusting a length of wire between parallel-grip

jaws of Instron Tensile Tester prior to applying load.
(R102822)

b)

c)

d)
e)

Weston Model 931 D. C. Milliammeter.

Kepco Model SM-36-5M Voltage Regulated D. C. Power
Supply.

Kintel Model 203 Microvoit-Ammeter.

Helipot Model "A' Variable Potentiometer, 0. 5% linearity.

7.4.2 Procedures, Electrical resistance of all specimens shall be

measured before and after moisture resistance testing and temperature

cycling per Figure 9.

Step 1. Set up electrical resistance measuring equipment per the

schematic diagram shown in Figure 16.

Step 2. Place the specimen in the fixture (see Figure 17) with the

nickel wires in the magnetic connection jigs.
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v ‘ :
DC POWER
SUPPLY

®

VOLTMETER

X' =x" = 1/2" (CONSTANT FOR ALL SPECIMENS)
Y =YY"= 1" (CONSTANT FOR ALL SPECIMENS)

Figure 16. Schematic diagram of test set-up for making
resistance measurements using the
voltmeter -ohmmeter method.

Figure 17.

Electrical resistance measuring
test apparatus. (R106653)
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Step 3. Adjust the ends of the nickel wires in each magnetic
connection jig so that they align with the outside edge of the jig.

Step 4. Using the potentiometer adjust the current on the milli-
ammeter to 100 milliamperes.

Step 5. Wait one minute and then read the voltage across the two
joints on the voltmeter.

Step 6. R;ecord the resistance value (in ohms) on the applicable
Raw Data-Form. With an applied current of 100 milliamperes (0. 1
amperes), the resistance value (in ohms) is equal to the voltage read-

ing (in volts) multiplied by 10.

7.5 Moisture Resistance Test

7.5.1 Equipment:

a)} Moisture resistance test fixture.
b) Conrad Temperature-Humidity Chamber, Model FD-8-1,

‘ equipped with a Honeywell temperature recorder.

7.5.2 Procedures. Moisture resistance testing of all specimens will
be done in accordance with the conditions specified in MIL.-STD-202C,
Method 103B, Test Condition A.

Step 1. Load specimen in special test figure as shown in Figure
18. The specimen shall be placed through the hole in the phenolic top
plate with the end of the nickel wire bent over the edge. The other end

of the specimen shall hang through the corresponding hole in the phenolic

v anc will ha ea
AL NIALNS YV Ada AN ar

separated from each other and identified in accordance with the applica-
ble hole pair. All joi'nt‘s are exposed to the environmental conditions.
This test fixture is designed to hold all 495 specimens at once.

Step 2. Place the loaded test rack in the Temperature-Humidity
Chamber. See Figure 19,

Step 3. Expose the specimens to a steady state environment of
90-95 percent relative humidity and 40°C %= 2°C for 240 hours. No
polarizing voltage shall be applied.
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Figure 19. Moisture resistance test fixture in Conrad Temperature-
Humidity Chamber. Note that all magnet wire specimens
are individually labeled and each hangs free in its pair
of alignment holes. The black tubes are for those few

specimens which were slightly shorter than the others.
(R106819)

Step 4. At the end of 240 hours remove the specimens from the

chamber and wait at least 4 hours at room ambient pricr tc making an

electrical measurements. Note and record any failed specimens on the

applicable Raw Data Sheet.

7.6 Temperature Cycling Test

7. 6. 1 Equipment:

a) Conrad Temperature Chamber, Model FB-10-3-3
b) Despatch Oven, Model V-29.

c) Temperature cycling test fixture
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Figure 20. Moisture resistance test.

d)  Set of calibrated weights (1/2'" diameter brass rods cut to
length).

7. 6.2 Procedures. Temperature cycling of all specimens shall be
done in accordance with the conditions specified in MIL-STD-202C,
Method 102A, Test Condition C.

Step 1. Load specimen in special test fixture as shown in Figure
21, The specimen shall be placed through the hole in the phenolic top
plate with the end of the nickel wire hooked over the edge of the hole.
The other end of the specimen shall have a weight attached to the nickel
wire equal to 1/2 the average strength of the specimens (disregarding

any extremely high or low pull test values) under pull testing as

33



Figure 21. Temperature cycling test fixture in Despatch Oven.
- Note that each magnet wire specimen has a weight
attached and that the weights vary according to the

type of specimen. (R107111)

described in P"a:rgg:aph 7.3 The upper guide plate has been removed

from the dual p\irpds est fixture so that the weights will fall into
individual cavities drilled in the lower aluminum guide plate if the
joint fails. Thus a falling weight will not disturb any adjacent specimen.

See Figure 22.
Step 2. When the fixture is completely loaded with specimens

and all weights are in place, carefully place the fixture in the Conrad

Temperature Chamber at -65° C.

Step 3. After 30 minutes at -65° C remove the fixture from the
Conrad Temperature Chamber and hold at room temperature (+25° C)

for 10-15 minutes.

Step 4. Next place the fixture in the Despatch Oven at +125° C.
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, Figur}e‘Z;fo, ,T'emperature cycling test.

Step 5, After 30 mmutes at +125° C remove the fixture from the
Despatch Oven and hold at room temperature (+25° C) for 10-15
minutes.

Step 6. Repeat Steés 2 through 5 for four additional cycles (i. e.,
a total of 5 cycles),

Step 7. At the end of the fifth.cycle, carefully remove the weights

from the specimens and remove the specimens from the fixture. Note

any failed specimens on the applicable Raw Data Sheet with the location

of the break (i.e., joint failure or wire failure). All failed specimens

shall have their halves taped together, identified, and bagged
35



8. TEST RESULTS

8.1 Chemical Wire Stripping

Five different vendors were contacted regarding their recommen-
dations for chemical stripping of fine gauge magnet wire insulation.
London Chemical Company, Melrose Park, Illinois, and Fidelity
Chemical Products Corp., Newark, New Jersey were responsive and
their recommended products have been evaluated.

The London Chemical Company strippers evaluated were:

a) Lonco Cream Stripper No. 504

b) Lonco No. 3111 —HH Wire Stripper

c) Lonco Cold Wire Stripper No. 416
These strippers were all evaluated for stripping Formex insulation,
London Chemical Co. also has a stripper (i.e., Lonco PT-5-ML)
applicable for stripping high temperature insulation, such as DuPont ML,
but since this stripper was not available at the time of the tests it was
not evaluated. |

The Fidelity strippers evaluated were:

a) Super X-Var Stripper No. 622

b) No. 990 Wire Stripper

c) ML Insulation Stripper No. 956

Walsco Electronics Corp. Stripvar was also evaluated as a

chemical stripper for the Formex insulation, In view of the safety

hazards involved with the use of hydrazine as a stripper, it was decided
not to evaluate hydrazine since other less hazardous strippers were
available which appeared to periorm satisfactorily.

The results of tﬁe chemiéal stripping tests showed the Lonco
No. 416 Cold Wire Stripper to be the best for the Formex insulation
and the Fidelity No. 956 ML Insulation Stripper to be the best for strip-
ping ML-type insulation.

Brief tests were also conducted concerned with the solubility of
various chemical wire strippers in commercial solvents, The tests
were conducted by placing two drops of the applicable chemical stripper
in 15 ml of the solvent and observing the results after 10 minutes without

agitation and after 5-10 seconds of agitation. These results are
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presented in Table III,

of the strippers (i.e., #990 stripper) were insoluble in all solvents used

The results varied considerably since certain

while other strippers (i. e., #956 ml stripper) were soluble in all the

solvents.
Chemical Solvent
S Wire Denatured
tripper Ethyl Isopropyl
Alcohol | £C%Re | TAjohol Water
1) Super X-VAR Partially Insoluble | Insoluble Insoluble
#622 soluble
2) #990 stripper Insoluble Insoluble | Insoluble Insoluble
3) Lonco stripper|{ Soluble Soluble Soluble Insoluble
#3111-H
4) Strip Var Insoluble Soluble Insoluble Insoluble
5) Strip-X #26-2 *Slightly Slightly Insoluble Insoluble
soluble soluble
6) Stripper #956 *Slightly Soluble Soluble Soluble
soluble
7) Lonco cream *Slightly Soluble Insoluble Soluble
wire stripper soluble
#504
8) 956 ML Soluble Soluble Soluble Soluble
stripper ’ ’
9) Lonco wire Insoluble Insoluble | Soluble Soluble
stripper #416

*Colloidal suspension. -

Table III,

strippers in commercial solvents.
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8.2 Mechanical Wire Stripping by Motor-Driven Strippers

Samples of #42, #46, and #50 AWG magnet wire with Formvar,
Isonel, and ML insulations were sent to three manufacturers for strip-
ping trials with their motor;d.riven brush strippers.

The Eraser Company did all stripping on their Rush Model R-1
Fine Wire Stripper using a pair of Rush GR 640 BEV FybRglass Stripping
Wheels. They experienced difficulty only with the #50 AWG Formvar
and the #50 AWG Isonel-200 magnet wire .

Ideal Industries did all stripping with the #45-102 Twin Cone

Stripper using L-5279 fiberglass brushes. They pointed out that the
brushes had to be dressed frequently and that from 6-12 seconds per
strip were required, depending on the insulation type. They were unable
to do any of the #50 AWG magnet wire samples without considerable
breakage. The #42 AWG and #46 AWG specimens were stripped
‘adequately.

Carpenter Manufacturing Company did their stripping tests using

the Model 88 Twincone wheel type wire stripper with Grade 640 and
Grade 601 fiberglass stripping wheels. In their judgement the #42 and
#46 Formvar could be stripped using the Grade 640 wheels. The #42
and #46 Isonel could be stripped using either the Grade 640 or Grade 601
wheel. The Grade 601 wheels, being more abrasive, would require
fewer passes. The #42 and #46 ML could be stripped with the Grade 601
wheels. Both the Isonel and ML wires would require more care than
the Formvar w1re. They stated that the #50 wire, regardless of the
nsu}a*i‘én, ‘.'.';:uls:‘., present a'pr‘cblem and that they were unable to con-
s1stent1y strlp the #50 Isonel or #50 ML.

In summatlon none of the companies contacted could consistently
str1p #50 AWG magnet wire. Although all mechanical stripping during
this test program was done manually using a fine grit abrasive cloth,
the spoilage with the #50 AWG magnet wire was very high and only a
skilled operator could strip the wire cleanly without excessively weaken-
ing the wire. In no ¢ase did mechanical stripping equal chemical strip-

ping where complete insulation removal was concerned.
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8.3 Visual Inspection of Magnet Wire Interconnections

Throughout this test program, each magnet wire test specimen
was visually inspected several times under 20X magnification. A series
of photomicrographs at 15X magnification were taken of typical speci-
mens fabricated by each of the four joining methods. These photomicro-
graphs are presented in Figures 23, 24, 25, and 26 and serve to give
the reader a view of the interconnection as seen by the operator or
inspector. Each joining method is represented by two interconnections —
one with #42 AWG magnet wire and one with #50 AWG magnet wire. It
should be noted that the outline of the magnet wire is visible beneath

‘the solder and that the solder coverage over the magnet wire and nickel
wire is complete and shiny indicating good wetting and filleting.

The magnet wire in Figure 23 has been stripped chemically, but
the insulation was not removed prior to joining in the methods shown in
Figures 24, 25, and 26.

8.4 Raw Data Sheets

A total of thirty-three (33) Raw Data Sheets have been prepared

recording the test data for the 1485 magnet wire specimens listed in
Table II. These Raw Data Sheets can be found in the Appendix of this
final report. Each Raw Data Sheet includes data for:

a) Initial resistance (in ohms)

b) Resistance after humidity (in ohms)

c) “ "Re sistance éfter temperature (in ohms)

d) Break force (in grams)

| e} Point of break '
Each data sheet includes values for 45 specimens of each of the nine (9)
wire types and sizes and for each of the five (5) joining methods. After
pull te st‘ing the specimen was examined and if the point of break was .
within 1/8-inch of the joint it was recorded as a '"joint' failure. If
the point of break was greater than 1/8-inch from the joint it was
recorded as a "wire'" failure and the distance'(in inches) from the closest

joint was measured and recorded.
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Figure 23. Photomicrograph at 15X magnification
: - of magnet wire interconnection by
manual soft soldering.

Figure 24. Photomicrograph at 15X magnification
of magnet wire interconnection by
torch fusing.
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Figure 25, Photomicrograph at 15X magnification
of magnet wire interconnection by soft
solder dipping at 1000°F.

Figure 26, Photomitrograph at 15X magnification
of magnet wire interconnection by
silver solder dipping at 1200°F
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After humidity testing and after temperature cycling following
the electrical resistance tests, each specimen was visually examined.
If corrosion was evident at either joint, it was identified as "corrosion"
on the data sheet. Certain specimens (particularly with the #50 AWG |
wire) were so delicate and weak that they were broken during handling —
usually during loading in the tensile tester or in the electrical resist-
ance connection jig. These specimens were identified on the data sheets
as '"broken dﬁring handling. ' Other weak specimens broke during load-
ing of the rack for humidity testing or broke as soon as the weight was
attached for the temperature cycling test. These specimens have been
carefully identified on the Raw Data Sheets in the applicable row and
column.

If a specimen broke during the humidity test (by its own weight)
or during the temperature cycling test (by the attached weight) it was
recorded on the data sheet as "failed. "

All specimens after pull testing (or other means of failure) were
taped toge.ther, 1abe1ed,‘ and placed in plastic bags by separate cate -
gories., These specimens were delivered to the Jet Propulsion
Laboratory. The labeling of the specimens was coded in accordance
with the specimen number (1 through 45) and the number of the Raw
Data Sheet (1 through 33). Thus specimen 41-23 would be specimen
#41 from Raw Data Sheet 23. The colored tags on each specimen
re‘f"asq@at‘spacmmen numbers. Looking at Raw Data Sheet 23, this
i r f “ ai'éd by Operator B, was of #46 AWG Isonel magnet
m uy soft solder pot dipping. Specimen 23-41 failed

at _]__x've ’cyclmg. _

‘"ai;\vr' Data Sheefs in the Appendix of this report actually
repmsent_he (y:yulmmatzon of the efforts under this contract. Since,
under the ierms of the contract, all data analysis was eliminated, these
data sheets must be considered as complete and final without summation

or statistical calculations.
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9. DISCUSSION OF TEST RESULTS

9.1 Pull Testing of Magnet Wire Types and Sizes

Prior to pull testing actual test specimens, 12-inch lengths of
the 9 types and sizes of insulated magnet wire were tensile tested. The
strength values are given in Table IV. It is interesting to note that the
strength of the magnet wire is dependent, in part, on the type of insu-
lation coating which éovers the wire — the ML insulation being the
strongest,

Comparing the values in Table IV with the break force values on
the Raw Data Sheets, one notes that, in only a few isolated instances,
did the breaking force of the magnet wire specimen approach the actual
strength of the magnet wire itself — even when the point of break was

more than an inch from the joint.

9.2 Time Study for Various Joining Methods

A random time study was made of the various joining methods by
each of the operators. The results of this study are presented in
Table V. The numbers within the blocks represent the time (in minutes)
required to make 5 specimens (i.e., 10 joints —one at each end of the
specimen) by that particular technique, Fusing with the micro torch
took the longest time and was also the most demanding of the operator.
As a general rule, as the wire size decreased the time required to

make the, specunen mcreased Operator B was also slower than

Onerator A ; » ‘
| The two aolder;:__‘xppmg joining methods require a minimum of
operator sk:ll and can i}& doue equally as fast by either operator. Torch

fusmg and hand soldermg requn-e more skill (and a steady hand) and

therefore the expe_nenced»operatpr is much faster.

9. 3 Spoilage of Specimens

A record was maintained of the number of spoiled specimens by
each operator. This record is presented in Table VI. Each block in

the rows designated "A" (for Operator A) represents the fabrication of
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Table IV. Pull test strength data on various types
of insulated magnet wire.
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MAGNET WIRE TYPE AND SIZE
N
Y g 21 % ¢ ¢
JOINING METHOD AR HHEI Y
Fl2ldle|e|&] %=
ool o
d1318Q1218)+c]ls}w
V. MECHANICAL. STRIP AND HAND SOLDER 0.4 &2 .3
8 143119.3 20.7
2.CHEMICAL STRIP AND MAND 3S0LDER
B8
3, FUSE WITH MILRO TORCW A .S 23-3124.2
' 8 369 [29.0
2.
4, SOFT SOLPER PoT DiIP (1000°F) °
B 7% ]
i A 7- - 705
S. SILVER SOLDER PoT DIP (1200°F) S je.6
B

v - L - ' - " i JUL&LA vy ALL e
blocks represent time (minutes) requlred to make 5
specimens (i.e., 10 joints).

24 specimens. Each block in the rows designated '"B'' (for Operator B)
represents the fabrication of 21 specimens. The numbers within the
blocks represent the number of specimens which were spoiled by that
operator. It should be noted that spoilage was especially high for join-
ing methods: a) fusing with the micro torch; and b) by soft solder pot
dipping. This is particularly true with the #50 AWG wire sizes. The

least amount of spoilage occurred during joining by hand soldering and
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Witliili OLGCCKS represent number

by Operators A and B.

[oF 4

those specimens which were spoiled were by Operator B (the inexperi-
enced operator). For ill_practical purposes both operators could be
considered as inexperienced for joining methods by torch fusing, soft
solder dipping, and silver solder dipping, since neither operator had

ever used these joining techniques before.
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The primary reasons for spoilage were as follows:

a) Hand Soldering — Incomplete stripping of the magnet wire.

b) Torch Fusing — Burning of the magnet wire with the torch
flame and non-wetting of the silver solder -flux mixture
with the magnet wire and gold plated nickel wire.

c) Soft Solder Pot Dipping — Magnet wire not wrapped around
the nickel wire well enough to prevent burning of the magnet
wire during the dipping operation. Spoilage also occurred
due to the magnet wire sliding up the nickel wire during the
dipping operation.

d) Silver Solder Pot Dipping — Spoilage occurred for the same
reasons as with the soft solder pot dipping technique.

In general, spoilage of the #50 AWG wire sizes also resulted due to

normal handling operations because of the fragility of this wire size.

9.4 Electrical Resistance Aging Tests

Fifteen specimens each of #46 AWG Formvar magnet wire by
three different joining methods (i. e., hand solder, torch fuse, and
silver solder dip) were aged at room ambient conditions for 30 days.

The electrical resistance of these specimens was measured before and
after aging to see if there was any significant change. These values
are reported in Table VII. It appears that the resistance changes vary
randomly and that po significant change has occurred.

These values can then be compared-with the corresponding electri-

P Y-k

cal resistance values after temperaturc cycling found on Raw Data Sheets

8, 17, and 32. This comparison will establish whether any change in
resistance after temperature cycling is due to the texhperature cycling
environment or due to normal aging. Although a statistical analysis of
these results must be done to establish a firm conclusion, a cursory
glance at the test values seems to show that the resistance changes
after temperature cycling are, in general, higher than one would expect

due to normal aging alone.
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Y({, FORMVAR

Yy, FORMVAR

Hi FORMVAR

CHEMICAL STRIP
AND TORCH FUSE SILVER SoLDER DIP
HAND SOWDER
REUSTANCE | RESISTANCE | REKTANCLE |RESISTANCE [ RESISTANCE |RES\WTANCE
SPEC\HEN Cinowmy ) Cvn oeng ) Cin oy | CGin oy ) (v o\wms ) Cws ohwme )
PUMBER 1 no aeme 3::‘:1:'::1— NOAGING o) "Z.Lgm No AEING l:: ::;.2:1'

31 2.5% A-55 2-40 any 2.65 2.85
32 2.35 FECY 245 2.9¢ 2. 40 .46
33 2.20 8 2-70 A0 2.45 .45
3y 2.30 R.28 2.30 2.30 2.3y .40
35 2-%0 A-25 2.50 .50 A4S 2 %2
36 2-3% 2.30 4.90 4.20 245 .48
37 .45 1.93 2.40 2.90 A4y 2.45
3¢ 2.50 .50 210 210 2-U8 293
39 2.40 A.37 219 .19 220 2.30
4o 2.40 2.35 2. A0 A.-RA0 .2y 225
41 aHy .92, 215 2.20 2.3 A.3¢
42 2.35 2.30 2.05 .09 .28 2.2
43 24T 280 a-20 .20 2-40 239 _§
4 .45 2.98 220 .19 2.30 2.30
4S ady 282 | 220 2.30 2.50 2.99

Table VIII. Electrical

resistance before and after aging.

50




9.5 Discussion of Test Results on Raw Data Sheets

Unfortunately, under the terms of the contract, all data analysis
was precluded. Without a statistical analysis of the data (e. g., calcu-
lations of the means, standard deviations, confidence intervals, etc.)
and without a comparison of the summary calculations by means of
curves or histograms, it is impossible to select, with any degree of
confidence, the preferred magnet wire joining technique.

Certain trends, however, can be drawn from the Raw Data Sheets.
It is noted that during pull testing, the vast majority of specimens failed
at the joint rather than failing by separation of the magnet wire at some
distance from the joint. Electrical resistance values, on the whole,

appeared to increase slightly after both moisture resistance and temper -

ature cycling tests, Corrosion was primarily observed on those speci-

mens joined by torch fusing and silver solder dipping. Corrosion was

more evident after moisture resistance testing than after temperature
cycling. Specimen failure during temperature cycling (by virtue of the
suspended weight) was more prevalent with those specimens prepared

by soft solder dipping, especially with the #50 AWG wire sizes.

An examination of the breaking force data reveals that the strongest

joints are those prepared by hand soldering chemically stripped magnet

wire and the weakest joints are those prepared by soft solder pot dipping.

It is also interesting to note that corrosion was evident on only
one specimen (out of 180 specimens environmentally tested) which had
been chemically st;ri,pj;ed’. Chemical strippers are avoided by many
companies due to -the‘ pbtentiai corrosion hazard resuiting irom residues

not completely neutralized or removed.
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10. CONCLUSIONS

Although the preclusion of any data analysis prevents any definite
coriclusions regarding the selection of a preferred magnet wire connec-

tion technique, it is felt that hand soldering”fis superior to the other

methods evaluated. Hand soldering has these advantages:
a) Minimum amount of spoilage.
b) Joints can be made quickly.
c) Low resistance connections.
d) High joint strength.
e) Minimum of corrosion after humidity and temperature
cycling.
If all residues can be neutralized or removed, it is felt that
chemical wire stripping is superior to mechanical wire stripping
(i. e., by manual abrasion methods). Chemical wire stripping has the
disadvantage of a potential corrosion hazard but it also has the advan-
tages of:
a) Clean stripping action.
b) Minimum wire spoilage.
c) Stripping can be done rapidly in that several wire groups can
be stripped simultaneously.
Although not within the scope of this program, two other magnet
wire joiriing techniques have been studied and show a certain amount of

prbmi.;e. Laser welding has been used successfully to join #38 AWG

Fofmvar magnet wire to nickel wire without stripping the wire and

wiﬁibut the use of fluxes. Resistance welding has also been used to join

#4~Z.,‘and #50 AWG Formvar and Thermaleze magnet wire to gold plated
nickel wire in less than 0. 4 second without remciring the insulation.
This was accomplished using a Weltek Model AC-10 power supply with
a Model 410-E weld head.
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APPENDIX {. LISTING OF ENVIRONMENTAL AND
ELECTRICAL TEST EQUIPMENT



| measurements

Date of Next Personnel
Model Serial Latest Calibration | Assigned to
Equipment Type and Usage Manufacturer Number Number | Calibration Due Measurement
1. Temperature — Humidity Conrad FD-8-1 7254 10-12-65 1-12-66 D.L. Teter
chamber used for
moigture resistance test
Temperature chamber Conrad FB-10-3-3 7302 9-23-65 12-23-65 | F.Z. Keister
used for -65°C
temperature during
temperature cycling
3. Oven used for +125°C Despatch v-29 52771 9-24-65 12-23-65 |F.Z. Keister
temperature during
temperature cycling
4. Microvolt — Ammeter Kintel 203 3639 10-15-65 2-15-66 R.C. Browne
used for voltage
measurements
5. DC milliammeter Weston 931 35045 11-5-65 3-8-66 R.C. Browne
used for current
6. Voltage regulated DC Kepco SM-36-5M C-287937 As As R.C. Browne
power supply used in required required
making electrical
resistance measurements
7. Tensile tester used for Instron TTC-M1-M4| 341 10-25-65 4-22-66 J.C. Cowan
pull strength tests and
M. E, Keegan
A-1




APPENDIX 2. CALCULATION OF WEIGHTS USED IN THE
TEMPERATURE CYCLING TESTS



ANALYSIS

HUGHES AIRCRAFT CO.

MODEL ~ REPORT NQ. PAGE

PREPARED av_l&ui_bn.___ulﬂhf_____ CALLULATION OF WEIGHTS WED

CHECKED BY

IN TEMPERATURE CYCLING TE&TS

BT o
- —\ —
Yo wet. REQ'D [WRIGHTS TR
CO0S | Wik | mewaTew | Lorion [t |
Corams) Cqrrena)
| 42 | rormEx ".'.‘.:‘.‘,i'ﬁfu!ﬁ 23 2.1
2 44 FORMVAR " 1 %
3 50 " u 2 ; 3.8
4 q2 ML " IS 29.9
S 4¢ " " 8 1.5
e 50 " “w o 2.§ '_4.3
1 42 FoRMEX  [ShEW- sTM.| 35.5 N
2 .46 FORMVAR " ¢S 4.3
2 50 " " 1.5 S.4
10 42 ML " 3% 43.0.
A 46 . n 1 lo- 4
12 B0 " " 2. S.L
13 42 THERMALEZE | TORCH FusE | 2.5 4.3
i4 a6 1SONEL ! 1 s 10.7
15 5o " " 1.5 4.%
1o a2 FORMER " 0.5 25.0 .
I 4, | rorMvaR u ® 1.0
)] 50 " . 4 4.6 l
12 42 ML.. . 2 8-
20 a4 ‘_u"r"f: " 05 | 2.1
2 55 : "o 2 !
22 a2 mi.nﬁ SOPT SOLDER VP 5 10.§ _
23 ay 18OWEL. " 2 <2
S N IR SR W —
25 42 FORME R " 4 1&.7 :
26 46 FORMVAR " 2.5 8.2
27 50 W , .5 3.%
2% 42 THERMALE Z € SOLOER P 20 3.0
29 96 | isonEL u 3 4.2
30 50 " " | 5.1
3 42 FORME X “ 21 384
32 46 FORMVAR " 12.5 4.5 -
33 50 " " 3 5.5 - I

FO™WM 703.C



APPENDIX 3. RAW DATA SHEETS (No. { THROUGH No. 33)



JPL CONTRACT K5-330257

. Meck‘)m'ca\\j s\y."q :
WIRE TYPE & SIZE_42 Formewx  JOINING METHOD _and hand solder
1 SPECIMEN INITIAL RESISTANCE | RESISTANGE BREAK POINT OF
NUMBER RESISTANCE | iypainiy ¥ TEMPERATURE j@o&i\ BREAK
S - wov. 51966 Nev. 24,965 | 54 1 nayvr
2 A Sl dnint
3 A 6/ Josmn
4 A 49 Jornr
5 A 76 wiee- /2’
6 A 65 SOINT
1 A 6l wiee - 1fy”
8 A b JOI/NT
2 -2 723 JonT
o 8 7! Joran>
i g 77 JO/NT
2 8 8o JOINT
13 8 80 JOINT
4 B 6/ JOINT
s 8 71 JOINT
7_A - Jp -0 450 o 72.5 Jo/nT
8 A 980 o .376 - 620 .};mz 1
19 A %0 o 458 o 6.0 704 1
20 A 940 95 430 SoINT
21_A 950 o 2940 o 745 Jo/NTT
22 A 376 - LS o 2.5 JosnT
23 A Ko - 2930 v, e85~ JOINT
24 B £96 ~ 890 o 810 WHRE - 4
25 B8 B0 ., 60 e 745 b JONT
26_B 890 e L88an (a5, 5 DOINT
78.0 JONT
L2725 IOINT
» 380 JorsnT
B éﬁo___ NornT
-y Llse o A JorNr
AL 970 <1 2/.0 JOINT
33 A L8l0 |.070 O ¢ A JOINT
34 A - 4990 - FA\WWED . - -
s A 00 n. 1.OOO O 99.& — _JoINT
36 A .960 o ag8e . n. 340 wies -2
31 A L9806 1,670 O Jo wirg - Ve
38 A . 870 -~ 1.090 .0 5.0 JOINT
32 8 B80 .- .88%0.0. _B53.0 Jonwyr—
4o B 560 o Qloa. 9.0 Jo/NT
4t B 880-0- 895 22.0 _JOINT
42 B 290 1 FAILED - ' - -
3 B 380 970 9. £, 35~ JOINT
Yy B 390 . .90 56,0 JOINT
4s_ 8 ‘,g%-ﬂ- 930 C X W'“"7/’"

PROJECT ENGR.- F. KEISTER



WIRE TYPE & SIZE_4G Forwwar

JPL CONTRACT K5-330257

Mechan ﬁ.a\\j stnb

JOINING METHOD __2na Vand’solder

SPECIMEN INITIAL REMSTANCE | RESISTANCE BREAK '
NowpER  |nessTANCE | uBo8Y  |rediiituee | Fo%E | Smean
LA p— Broke dvnng
2_A /Y Geamsl JOINT
3__A /19 SOINT
L X JO/NT
s A 22 JOINT
6 A 19 JOINT
1A 18 JOINT
8 A 29 JOoInr
° B 27 "JOINT
o B 14 JSOINT
1" B 30 JOINT.
2z B 28 JOINT
3 B 30 JOINT
B b SO INT
s 20 0
o A 4.55 .55 -n. 2¢ ez - 'fan
n_A 225 n | 2.38 0 2/ Jo/nT
T 2.70 s L Jo/NT
9 N | 2.45 . 2-%47 e 27 JO/NT
20 A 248 2.95 o g JormT
2l A 235 o A.35 o 223 o T
22 A 2.20 | R.20 . R/ S NOINT
23 A 2.00 1.00 22 JoinT
24 B 2.45 2G5 Ol 272 JO/NT
25 B 245 2-97 < 25 DONT
26 B Z.30n. LY JonT
21w <.35 0 Z.:38 A 3.0 Moz
28 B 2490 2.9 O 22 JONT
3. , : {3 JoinT
X [ !éo.w‘T
3 Al RIS F oas.a /8.5 SOINT
32 A} 25 F 213 o 25.0 Jornz
33 A 215 o F a1l -0 35,95 Jo/n7
34 A 20 . 20D a._ E ity JO/~NY
3 A | 245 o 2.5 n 33.5 JO/NT
36___A 255 o FAILED - —
31 B 2./0 . 2.3 0.5 Jo/nT
38 A 2.05 o .10 O~ _Jf.C ST
32 % 2. e 2580 /S JO/NT
4 B 240 o 2.50 2" S Jomr
4t B 2.35 o 2.30-0. 2035 JUNT
42 B 235 o 2.945 o /l. 0 JO/INT
43 B 2.50 o Q.55 5.0  JOINT
LE] 40 - AT g.0 JOINT
'H % %%? e 2.90.a. _20.0 _JONT.
X Corrosida)

©

PROJECT ENGR.- F. KEISTER



JPL CONTRACT K5-330257

Nel.\«an\'cz\\) s*.r\b

WIRE TYPE & SIZE_S50 Formvary JOINING METHOD __snd Vand sgider
SPECIMEN INITIAL RESISTANCE RESISTANCE BREAK POINT OF
NUMBER REISTANCE | \uiatpiry | rembernture | “ORCE BREAK

1 A 7 G RAMS SOINT

2 A Z JOINT.

3 A & JOINT

¥y A [ A0/NT

5 A 9 JOINT

o A 9 Jojesy |

7 A % Janr

8 M JoywnT

9 B [2 %_MNT'

o R 1/ OINT

1] B é Jonrr

12 % 9 J_QIUT

13 R 4 JesnT

w B 7 JoinT

1S 44

e A I.80 in /2.0 Do T

7 A $.00 < T.90 12,0 WIRE - Z‘” |

2 A 700 o | (.90 o 45 oiag

2 A 6.20 - b-lo o Bn.&_hu&mmjwé___
20 A 5:70 < | 6.6Q o Zo anNT |
2L A L:l0 .20 6.0  lwmpe 3"
22 A .10 1. £.00 90 NIV =

23 A 5.30 520 . ' 2.5 D DINT

24 B b.0oo . [ Broken (oQPlosiaN — —

25 B $.80 o 5.70 5.0 DN

26 B b 10 o .00 - &S oy}
21 B b.00 $.95 30 SIVY, ol

28 P $.20 L0 50 ar |
29 Q. J.fso o | - 135 k
30 g - .00 o | § :-313 éa R WS YV
3 A §40 . £.58 1 10,6 Joinr

32 A AT . 20 __YJoonr
33__A .70 o L-95. 2.5 Josdr |
Y A : ,20 b FAILED o -

35 A S.06 5 2,080, )05 e T
36 A ¢.30 .30 5 4.0 Joswr |
37 A $.40 -0 .50 s £2. 8 k)wnﬂ"'
38 A ( AD ot .30t g _Jy et

19 B 6.35 S /0.5 Dot
- £.10 n o |5 /5.0 Juar
41 B 6.10 Jo. L5 JosMT
42 B G40 o FAILE D — =

3 B £.20 o . 5¢ 10,5 JoInNT
T “$36 . 900 /o Vorng
S__ R 5.70 9 2:304% \PeoKe Dusiond doniiiede

®

PROJECT ENGR.- F. KEISTER



JPL CONTRACT K5-330257

¢! \

WIRE TYPE & SIZE__42 M\ JOINING METHOD _ st haond? st o
SPECIMEN INITIAL RESISTANCE | RESISTANCE BREAK POINT OF
NUMBER REUSTANCE | pusaiprry TEMPERATURE ;ﬁ‘aems) BREAK

A (X4 JoinT

2 A 74 i JolNT

3 A 73) SJoswr

“__A g JoinT

5 A A JOUNT

oA 722 JosnT

L. 44 SJorNT

s A 55 QoNT

°> B 50 Jomwr |

o B {6 Jo/NT

B 4 Josnr

2 B 43 JanT

3 B 725 Jour

w B8 S8 Joiwr

1S9 $0 Jomr

e A .o9 a1 .07 35 57 wees - 3k

1__A . 780.0 -970 L2 o wer - 32"

8 AN 980 375 25, 5 IR

9 A l[.lg LO% —Om 5.5 JoinT

20 A 9805 L.0O - 42.2 JONT

21 A 980 -0 990 2/.2 WILE - Vs

22 A 880 n- 880 75, = Josn >

23 A 8490 <. 935 . P o WRE = MWy

24 B 440 n 946 - 250 D0/NT

25 B 950 - £ 959 740 JOINT

26__ B Joo 900 o 32. 5 JorNnT

27 B 940 400 -5 /2.0 So/NT

28 B s968 o 950 - (2.0 JonT

29 B WP L T60 cihem 3,0 JornT

. : S2.0 | INT

3% A o e . 980 o_ 34.0 JonY

32 A ﬁ;_@.n- l.120 O 5.y _JOINT

33 A 1606 a. A6 -0 9.5 J01 T

34 A 980 o 1.100 o - 32.95 Joiwt

3§ A 890 «a. . 910 0 ) JoinT

36__A 306 . 925 0. 6.5 JOINT

31 A 880 - 910 5°1.0 JowT

38 A » 9430 <. 980 .o %S JoinT

3129 R c930 w- | BRexE Ay seoMay WEWGHT ATiTACH D —D[aaY grams

4 B 2940 - e 370 0 9.0 JonT

41 R . 990 0. .950 o 3.5 JoinT

42 B 940 < - 970 .0 4.5 JomT

43 B 4.890..\—5__ BROWE ' A 100N AL WEWHWY ATITACNED ——P | A2 Y2 _grams

Yy Qb0 s . 9R8 . (3.0 JOINT

¥S -960 L 2915 4. 25.0 WIRE = S/e” -

®

PROJECT ENGR.- F.KEISTER



JPL CONTRACT K5-330257
WIRE TYPE & SIZE_4¢ My

Mechan (Cau) s\’nb

JOINING METHOD _2nd hand’solder

SPECIMEN

INITIAL RESISTANCE ] RESISTANCE BREAK . POINT oF
NUMBER ™  |REUSTANCE | umioiry  |rempeantone | Conoms) | BREAK

A 26 WJoar
2 A 24 JoinT
3 A la  VJdewr |
4 __A 30 JunT -
5§ A 2 |\ Joyr |
6 _A 2/ NITLY 4
7 A Z_ﬂ JeswT
8 A ]? a1t
° B 22 N/
o B 292 Jonr
B z5 Junr
2B 25 VonT
3 B 24 Uf;us/T
4 B 17 Jonvr
iS_B 25
o A 2.48 i~ 2945 -0 3¢ Jomnr
7_A 2.80 2.0 .n /4.5 w)gg—%_”
8 A L.70 n .12 A w3 P }!g‘eﬁ |
2 A A:10 2.6 o 2785 uype -%°
20 N 295 237 22,7 Jorarr
2L A 2.%45 .n. A A5 2.5 o r
22 A 240 -n- 2.9 —er, 2.0 JornT
23 A 2.3 o | 2.3 o 9.5 Jouwr
24 B 2:-45 - 2.93 o 30.5 Jornr
25 B £.9Q -2 : = ) Bragerd ol viog
26 B Z.385 . 236 Z5.0 Jornr
27 B 2.90 _wn 2.40 20.5 Jpie T
28 B ZM___J.M 23.0 Jorar

B ' 1_2.5 wir-

Y gZs | o |
33 A &35 2.55 0 A5 JoNT
32 A 2.58 . 2.63 .- 2.5 Jo INT
33 A B8 2340 .0 1. wmﬁﬁ/&f_
3 A | 240 _2.95.0 1 23:0 JoinT
3 A LoD D 2.5 q. N5 JOINT
36 A 250 2.52 a 2S.5 JOINT
31 A 2: 38 2.35.n. MY JoInT |
38 _p .50 o 2.55.0 | BRoxE Durwe HANDLING
3129 p 2.30 o BRORE Ay Sooni As wWEISHT  |ATTACHED 1Y2 gramy |
40 B 290 - 2970, 15,5 = Shy*
4t B 2.90 - 2.409 13.5 JOINT
42 B 2.30 o 2.28.0 5.5 JoWwT
43 B A ARQ . BRORE AS 1oor] A wWEIGHT AMTALHwED —Dlil "2 grams
44 B .35 .o mssING T - -
ys_ B 2.25 2235 o 16:S JOINT

PROJECT ENGR.~ F. KEISTER



WIRE TYPE & SIZE__S50 My

JPL CONTRACT K5-330257

Mechanieall y stn'P

JOINING METHOD _30d ‘ondsclder

SPECIMEN RESISTANCE | RESISTANCE BREAK POINT OF
NUMBER REUSTANCE | puatorsd |remecanture | CoBams) BREAK
— 12 Zpucs |
2 _A /4 Tha2 vy,
3 A [~ /!/é o
— g Soinr |
5 A - 5 J
6 _A g an
1A 9 %gmr
8 A T |
- — PRe BROKEN |
o B i )
TH -2 /0 JanT
2B & Jainr
13 B A ot
“ B &g Jont
15 4 g =
e A Brox & wriLE | LonDIve RAck | FoR  MumiDiTel Test
17_A BRow G ~HitE |omD NG  RAck | FoR  WumitiTy | TEST
_18_A L-55 -a l.5 YO INT
9__A 71.30 1.40 .. 9.0 __JOINT
20 A b.80 - | (.80 -0 2.5 C JoINT
2t A 6. 80 .o . - 4.5 Jo/ny
22 A [p 0O .05 o — BS%%Lﬁnmf
23 A .60 o | .55 -0 L.0 Joint
24_8 .00 = | 6:20 —n 4.5 JO/NT
25 B (30 | (AT N 9.5 JOINT
26 B .20 o | 6:20 O r-a VOINT
21 B Seoan | 5.6 2,5 Jo(nT
28 B .30 3 10,0 JOrNT
29 g 530 o |BR0ce _wnné fronowe RAck]FoR Wermity JTesT
20 8 L (0- 10 A= - £ OINT.
3 Al sbon R £90 . /2. & JomT
32 A 20 -  BROKE mS SN At WELERT |ATTACHED —> | 4.3 grawms
33 A} ~ (90| — RS
£ - b 80 v lo.90.0.. — S ke v
3§ A 4 FmmLED — —
3 A 0:20 1 40 wore - ¥p
31 A 560 EAILED — -
38 A .50 e.709_ 7.0 JOINT
3 8 eT100 | 22 | Jowr
4o B b:30 .1 b0 | o JoNT
4¢ B . — R
1z B b_'..ﬁQ_-Q: Je. 0 veire = "
43 B S, 80N | BROKE A8 won] As WEIGHT ATTRCH GD —»] 4,3 arams
B .
B_

6-5F.

BeoeZ pul g

Mar2oe -/

7 {s)

/¥ 0

Ra

PROJECT ENGR.- F KEISTER




JPL CONTRACT K5-330257

Chewitd \\’ Stﬁ P

®

WIRE TYPE & SIZE_42 Formex JOINING METHOD _and _hacd solder
SPECIMEN INITIAL RESISTANCE | RESISTANCE BREAK POINT OF
NUMBER  |RESISTANCE |y aloiTY  |rempenatone | (GREMS) | BREAK

A ' ' 72 JernT -

2 A 36 Wice- Y2l

3 A £4 Wwe=1"

Y A g3 JoINT

5 A 4 o

() A 8;_ QQM\I 5 »

T A 83 | Jowr |

N 12 Jo/nT

9 B 84 JoinT

o B 24 Whve = 3/a"

no R 7/ JanT

L -] 52 wive —=¥2." |

13 R 32 vJoinT.

4 B g5 JonT

—-—‘S——L e _—=—_ﬁ=_—=_#7#r—-—‘“——“—;‘—-ﬁ%\

N NUO Qoo Y & X+ Wiee - 2,071
A 870 <= B8RO 65 o |
8 A 250 Blo-o. | 7¢.5 Jor T
9 A 880 2220 . g4 RYYPY. S |
20 A 840 850 .0 A Joarr
21 A 840 8IS o /A Jpiv I
22 A L850 BLO g0. o wiee - 1Yp |
23 A 860 - BSO e 770 NI
24 B 840 Rl o 774 1 WY
25 @ L BboH o o87Q—n— E/af \)on«r_'ﬁ
26 B 860 — 260 80, ¢ vt
21§ 860 o £70 o 751 JoinT
28 @6 .900 - 10 2 722 Vo aT
29 B B0 e R 2.4 Jos VT
30 8 880 L Q0 . Zs ]
3tOA 890 -« | arove Durline wamdune — —_—
32 A 840 - 880 2% _ Jos'T
33 A . RAH o 8%0 Z20 Jorr
34 A B350 - B9 780 JosnT
3s A 800 anlhon: LRLha. 35,0 tJnuﬂ'
36 A , %30 B15 N 25 Oesnr
37 A 230 «e .plo - P2.5 Jos w7
38 A RID Qo 7725 Soon
39 B 866 .900 s 225 DI NT
4o B RO o .88 a. 54,40 . =
4.8 860 o .920 O £3.0 Jor v
42 B - B70 DR 0 oL £)s JarnT
43 B B6O - 890 O $3.5 Jonr7r
44 B 860 - 9000 33.0 Wige- | Ko

95 8 Lol ,900 a. £3,5° Ve Wb

PR LELT EHAGR = F REISTER



JPL CONTRACT K5-330257

Chemie :\\j s ‘\:n.p

SPECIMEN INITIAL RESISTANCE | RESISTANCE BREAK POINT OF
NUMBER RESISTANCE meJﬁ'% T&M?Z;:"‘WRE Force BREAK
t A 34 baams JOINT
2 A 23 ‘ JoINT
3 A 22 SorNT |
4y A 23 JornT
5 A 32 SornvT
G A 13 W IRE - '/U” :
1T A 3.5 S oNT
8 A 27 SosrNr
2 B 2.5 NO/NT
o B 2e JOINT
W B /L€ dOINT
12 L 2.9 JOINT
3 B iy JOINT
4 B 25~ No/nv7
1S /13 SOrnT
A . 230 0 325 wer
A 220 . A:-19 e 35 Jo/NT
18__A 2.35 | 2.90-9. 27,57 JorvT
9. A A RS - Au:"_n_ 24 K
20 A .70 - 2.65 o 2.5 Noow T
2l A 260 1.55 20 Weee -3/
22 A 2.35 .. 2.328 o 3/ Joiar T
23 A .50 | 295 n 25 . 5 wiet 347
24 R~ 2.30 . 2.28 o 3¢5 JovTT
25 8 2.30 o | 2.28. . 34 0 JosvT
26__R 290 -~ | 24606 .a. BrokE Dl < —
21 _ B 2.35 2.38 o 2¢.s Jow T
28 @ 2.485 £:92, -0~ s oIRT
B Lo . : 2330 1o 0T
1 -0 £26.5 ArnT
3t A 2. 55 2.8 27,0 Jp T
32 A | 235 240 sl D40 VS
33 A R0 e Q_‘}a =Ll L) D
34 A 2.30 o 2-3¢ 0| 335 s
3§ A 2.30 2-350 | s ¢ Je a7
36N 2.35 o 2.394a, | 3/5 Jovr
37 A A.95 o ,2,59.{1— 3.5 \)blNT
38 A 2.50 - R ool 245 D
32 B 2.90 o 2.420.]1 3o JpenT
4o B 2.90 adasa | 2925 e s a7
T 2945 o 250a. | /6.5 Sosn T
42 8 2.35 239 g | 345 wRE- 6 ”]
43 8 2985 -~ 2.51 0, 244 o T
4 B 23S o 2.550 | 2o Josny
¥S B A .FS 2:85¢n | 259 =

PROJECT EMNGR, - F. KEISTER
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JPL CONTRACT K5-330257  Cvewtally step @
WIRE TYPE & SIZE_S0 Formvae  JOINING' METHOD _and Vand toer |

SPECIMEN INITIAL RESISTANCE | RESISTANCE BREAK POINT OF
NUMBER REUSTANCE | 1, ATe &Y TEMPERATURE m BREAK
1 A )L \IOLNT’
2 A 1l , 2%
3 A 1 1  JoINT
4 _A 13 S0 /NT
5 A /1 JonT
6 A 13 ke . e
7 A ]3 JornT
8 A )2 " dO/NT
2 R 2 doin T
o B /0 winE = 7B 7
B Ed _wiar - 3’
2B 7 wier - 347
13 B 9 uree-__ 8%
vy B 4 woes— %~
is_B /2 wick - V5
e A 5.80 o | 5.0 O 65 wire 1}
1A 5.70 | S8E A %0 Joarr— |
18 A 660 ol (30 /0.0 Jacarr
9 A 59D | 5300 , 25 o thaT
20 A T80 s | Brokk wnne ioadiwe  Rack] fom  womipity] TEST
A ' y/A% Wige-40 "’
A 12.5  |wge- lo"
A WAD NG RAck | FeR  wuMidaTe | TRAY
B - 10,0 wiRe- 34"
B 18.0 wpe-74"
B o0 Wipe-27 |
B 100 pE =50
B 11.Q JarnT
20 L7/ %4
CoRPosion | S~ A
'g._ic') - /3.5 m"'&&‘ e 'a‘é“ » 1
5‘.‘10 Iy ))c S Q!ld z::.__.__ - ]
M A | S.60n 5.90 .o 135 lwee- Zgu |
35 A | 556 - 215 35 ldaur |
36 A 5§30 o | : 554 la. 5 W) NT
31 A SO e S-70 9. s Jo,nT
38 A .60 5. 15 D 13.0 S,V
39 B .80 un FAILED - — Yg"
4o B S90 | : FAalLED — - "
41 5. 98 - oo | - lOS Wike - 13 »
42 % £-80 o A oo} § -0 LS o
43 B 5.90 O BROKE OURING WANOLING - —
B 5.80 o o 1T o N5 lwiee -3/5-___"
4s B | 590 o i 610 <0 2.5 WIRE - N » {

PROJECT ENGR.- F KEISTER



JPL CONTRACT K5-330257

WIRE TYPE & SIZE__42 My

Cwe W\\'L)nj S*ﬁio
JOINING METHOD _2nd  \ond solder

SPECIMEN INITIAL RESISTANCE | RESISTANCE BREAK POINT OF
NUMBER RESISTANCE Hm:t‘of \g‘f TEM:';;:GWRE (eﬁo g‘éem_s,) BREAK
LA ‘ ' ' 27 I%/é WSE _
2 A £4 17 .
3 A 27 Sk inecy
Y A 37 Jor NT
5 _A 87 JoaT
_6_A 87 W/ AR |
1A 3¢ JoinT
8 A TR JaINT.
9 B 87 JaNT
o B X¢ ey
" B 84 . Jn INT
2B g4 ._\a T
13 B Zé LUNT

b
tosl

loy)

1S

>

: £7 | Yo ~
XZ 4522 /Né &
e ' .9S4 N : 79.5 JOrNT

A 930 = | .940.n 845 | wme- )4
8 A -320 o~ 0. £26.9 wiee - 2.0
2_A 940 n . 940 .- 72,0 ) OINT
20 A .920 o 928 fs.0 JoINT
2l A 900 oo Qo 6.0 wier. g’
22 A G980 on 900 o Co..5 wiRE- 4 '/g:
23 A .230 o <438 .0 g2s S wieg ~ | %"
24 B 920w .Ga.6-n. ) JonT
25 B .06 910 - g2.0 JOINT
26 B 10 - 910 9. 92,0 SOUNT
21 B -870 -£90 o 72.0 _JdonT
28 B 29 890 .o 6.0 WIRE~ 3/p”
29 B jlo o . 310 1.0 JOINT

: -~ 4 . LQ._‘:.‘..L 7929 JOINT
YR N oo | 225 | Unwr
32 A 2940 o -975 o Z2.2 Jar— |
33 A ‘qu ~ ,ﬁ¢§___0: &6,5‘ e it
™A 940 n 970 . &5 o JesNT
35 A 920 o Al O o 87, ¢ Tospr
36__A 980 - 9720 o £Ls~ \Wipe- Y »
3T A 930 o 980 o 82. QarnT
38 A 940 j?o =S 8’6.5” \)Ql ~NT
39 B 920 o 960 - 740 QINT
4o B 00 = .980 22.8 T
4t B BRO < . J20 o £l Jernr
42 B 890 L9585 722 NN =
43 B IR0 D 1715 0 2P0 JdosnT
4y B 906 .- .945 a. LS5 "o s arT
ys B 406 - G0 5.5 o a7

@

PROJELT EHGR.~ F KEISTER



JPL  CONTRACT K5-330257

WIRE TYPE & SIZE__406 ML

Chewnit 3“j

JOINING METHOD _and _land solder

3’\"’ sia

SPECIMEN TINITIAL RESISTANCE | RESISTANCE BREAK POINT OF

NUMBER RESISTANCE Huafg’g% rem‘::;i'?uae Forc € BREAK
A 3! Geams | JOINT
2 A 29 JOINT _
3 A 36 SOINT ]
Y A 20 JoI/nT
S A 31 JornT
6 A 32 QOINT
T A 35 dOINT
8 A 14 WIRE- /16
2 B 33 JOINT
lo B 35 JOINT
B 33 __JoINT
2 B 3 JOINT
3 B 3s JOINT
4 B 3y wiee Yo"
S O/
o A 2.1 2190 3.0 DI o
7 A 2.5 - LG o 22,5 BYNYY) A
18 A A-15 o 2.3 o 335 DONT
A 208 o~ | 2,18 o0 350 slorr |
20 A 215 s 2.5 o ( 2P S Yuur
21 A 2.25 2.23 .0, 32.0 t))g)[vﬂ"
22 A 2,.2.0 4w 2.15 o 3o0.5 DT
23 A 215 o A.15 O 2.5 JO/AII“—
r X B ) 2.25 225 S _2¢.5 Jvr
25 B 2.20 o | .19 330 Y |
26__B 2.28 5.0 30.5 S =
271 B .25 o A2E N - g5 T
28 R 215 o 2.16 oo J 1
29 B 1 2.25 o 2.2.5 O 27.0 . ;']n.‘:w }

| 30 3 , ,fi_‘_:‘g.as‘ o | 2,230 33 o ' \)géeg

3% A f aas-a.f A D] o FY.0 Spmr
32_p | 2.5 2.3 .a 335 JDIiNT
3B A 1 215 o _ -3 O Vo
34 A | 225 o 2:.3% 0w Vr /N j :::
3s A 2.306 - 2. 38 O 330 —
36_._A 2.25 2.232 .- 355 WIRE- | Y
37T A A.10 2. A0 o KL JonT
38 A 2.0 2,35 - 288 ;ﬁugz: —
39 % A.25 a.35 N 35.5 UNT
4o _ B 1:20 o 2.30 o 3.0 Joanr
4t B A .20 - 2.3 0 | 345 WIRE- 24
42 B 2.15 on, Al 0. 2.8 ; !
43 B 220 n | -30 34.0 JosaT
7] B 7.20 £ BROWE AS $00|N A WEWHT [ATTALMED —»| (L4 4rams
4 B 2.20 AROXE AG sodW AL wWELGHTJATTALHED ¥ 1l.M aramy

®

PROJECT ENGR.~ F KEISTER



JPL CONTRACT K5-330257

< 12.)
Ckevm?.a\\j S{np'

WIRE TYPE & SIZE_SO M. JOINING METHOD _2nd bhond <older
SPECIMEN INITIAL RESISTANCE RESISTANCE BREAK POINT oOF
NUMBER RESISTANCE |\, alo 5 Y TEMPERATURE Fé’EZﬁss BREAK

1A 12, JornsT

2 A =  |PRe Eroken |

3 A 2 e nes

Y A /] ot

5 [N 4 /'}//é IN g2

[ A ' ? lylé 4

1A g ey

8 A 4 Wb neh ‘

9 B 7 /)

o B /0 Fe ey

T /3 JosT

2B /3 Jonr

3B L0 Yl snicrt |

v B 12 Jonr

s 2 2

e A J.80 .. |Brovz - wui€ Jombine face [For  womitity] TeerT

A 6.0 o | Llo.n. %< 1% 6 10 i

8__ A 2:60 Broke  Duehiwe. Hnui?«'uﬁzf - =

A $:00 - | ©:10 O 85 ot

20 A 550 . BRoxGE  whit@ Jomnive Racwk [For WomimvTy | TEST

21 A S0 v | 55D o 7 5 ;)b)'NT'

22 A 6-00 EMLED —

23 A 520 -~ | 540 g 2.5 [ B imes,

2. B .00 wn. b.]1 0 4,5 Yo s

25 B £:00 e 10 o 8 s 134 »»

26__ B %0 -~ £.50 8.5 Yy »

21 B 600 n, | GO o G, S Jon T

28 B __b.06 .1 o W.S 3 ¥

29 B .00 o AN Brokewy wn Wraind b g ;

30 - 2.0 410 | 3c Jomy

3' A L. an i ‘ I .OD e 2’5 W)Rg- & n

32 A J.40 . BROME &S s0dN A6 WELGWT| ATTACNGED —> 5.2 grams |

33 a 590 o~ -1 - £.00 -0 LS~ Jranr

34 A .o 5728 oo 45 WIRE - 1347

35 A | 6.00 o | FAWED — -

36__A (000 . | BROKE MG s AS WEILHT [ATTALHED > | wiRE - ¥g” |

317 A 620 FAILE D - - _
38 A 6.0 n— |BRORE AL SeoM AL WELGHT |ATTACH ED —pP 5.2 groms

39 B .20 e _ FAILED p— - 1"
40 B .00 BROKE AS soov A waienT aTTRened » 5.2 o} wing - 344"

41 B &.00 S FAILED —_ - "

42 B $.10 s 6. 15 O )30 Wige - 24"

443 B £90 o S9¢ A 13.5 WIRE- g

TYTR .60 <L 4-10 /0.0 wike - gan |

4 B (.00 6-10 o 4.2 WIKE - 71)4_{;‘

PROJEST EnNGR. - FKEISTER




JPL CONTRACT K5-330257

WIRE TYPE & SIZE_42 Thermaleze  JOINING METHOD Torew  fuse

A\t

I gpecimen INITIAL RESISTANCE | RESISTANCE BREAK POINT OF
NUMBER REUSTANCE | o ato sy FEMPERRTURE &?m”esz BREAK
1A Z Q_&m‘r
2 A 2/ DI NT |
35 ) So VT
4 A S DoNT
5 n S8 Jewr
6__A 39 Jo,n'r
L A 37 Joml‘r"
8 A = Jororr
29 B 13 JoINT
o B 67 _JoINT
w3 {0 Joint
2B Zo INT
3 B 20 Moz
v B y1) JONT
s g ¢ _aJoinT
N 970 - | BRokE wAILE [L0ADING RRwe |FOR  womiDITY | TEST
A B4 | .BSS . | CoR@usioM | S6 O Jomr
8__A 1,150 == 1B |- 28 5~ J owr
9 A L2006 - | 1,220 .o | CorRasion 240 el - 3/p7
20 A KRB | B8O | rradosion 6 5.5 JOINT
21__A -9300 o | 918 2. | ConROSION S72.0 Jomwr
22 A 150 . | ).|S5O 0 2Ros 134 S Bo “
23 A 930 o 938 n £0.0 Jomr
24 B [ /00— | |.100 . | CORRoeSION 225 Jornr
25 8 990 . | |.002 .o | CoRBasian /8.8 )OS saT
26 B .940 . -999 | CanxROA0A _26.5 Jomnr
21 B \ (3.5 Jorarr
28 B o735 JOINT .
29 B -~ MoINT
30 Q¥ 33.0 OINT”
3A_A ' G6Zo JSOrNT
32 A 370 - | FAILE D — -
33 A 240 o 840 -a 2.5 <Jor NI
M A Q30 B 925 o 3345 Jpivr
35 A 1.050 o g | pBO o #do _Juwr
36 A 1,1 008 L1000 o /2.0 JainiT
3T A 380 R 9I5a. 23,0 OINT
38 A 490 = 9900 2’/ ) JosnT
32 B .980 .. LI 5 T 20 Josnr
4o B | 9n-o 320 S30 Y 7
41 B 880 . L.l 2.5 o T
42 B 950 X 9s5sp o 620 LT
43 7B 330 ¥ .9200. 2o Yy ‘
4 B REIES v gap 25 -Juwnzi
4 B 310 2 » &hgﬁr eZs a7}

¥ CORROSION
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JPL CONTRACT K5-330257 (W

WIRE TYPE & SIZE_4¢ Tsonel _ JOINING METHOD _Torch fute
SPECIMEN | INITIAL RESISTANCE | RESISTANCE BREAK POINT oOF
NUMBER REMSTANCE | iy lalons ¥ TEMPERATURE FoRcE BREAK

v A ' S Gerams dosnT
2 A /3 : SoyNT
3 A 24 DOINT
Yy A 29 Jorn T
S A 27 JosNT
6 A 27 __OOINT
7 A ¢ SosnT
8__A /12 2077
° 0 27 WitE -y ¥
o 25" Ddo/NT
TH: 2.5 _JONT
iz N 0.5 (wrwisr) JoINT
T 2 QOINT
“ A 7y D OINT
s S

o A Reoke Doeids Hawaline —

7 A F 2.15 o leroxe  wnik JLoanine  Race| For  womioity| 1eeT

8 A 245 = |1 2.47.0. 1CorRos! D0 204 JuinT
19 A 435 - FAW.E D ( ORRO$10N ——— —

20 D 2.5 -0 | ©%x10% owms ] MISSING

21__A 410 —n- | FX 10 cwms) CosRogipn S5 Jo) T

22 A 290 i A:22 _n. QuRROS! 0w 239 ARy =
23 A Z:30 . |BROXE wWHRE|UNWADING |TEST RAck~—| coRROSION
24 A A .§0 R et 2:.3%¢ o Co@0S ) 3/0 Jo/z\/]"
25 N 2. 40 o :B'}Kt_b.uf_l.ﬂ.Lﬂ.nuLuf S S
2613 2.385 o | 2.36 ..l Coggosnenl]l 2é5 JorniT
21T Z.&é' —r 2.2 q S GotQQS';)A‘b 28. 5 D AT
28 N 2.45 | 295 o | Opeemici] 280 OO INT
29 04 ';..1%_._».. 213 o | eason | Falep Doglhe tesoling |
30 A 435 -~ -39 5 | Cogaoape DNSSING L ——— |
At 4. 80 n ] 1K 9. 122 2P 5— Josnr—
32 A 2.-35 FAILE D - -

33 & 2.55 2.5 0 255 JasnT
34__A 2.20 S t 2.19 o 280 SINT
35 A 2.945 o ¥ 2.947.n 0.5~ | Junr
36 A 2.45 - FAILED coRRZIIew —
31_A 2.90 o 241 0. |  2/p JonT
38 A 2.5 o, 2.98 &5 =
39 5 2.48 -~ * 2.48 - [é: 5 Jognr
4o 2.385 o, * 2. 35 oo 290 JosNT
T 2.30 o By 27.0 Jozar
82 B ,?..‘ZL_n—' 22N g,;é’ \)W’VT'
43 N 2.30 oo 2.30 o A Y7V -2
Y4 .40 o ‘2-9) .o 26.5 JpsaT
9SS 245 - 2489 <, 250 Sz

% Corvrosian
PROJECT ENGR.~- F.KEISTER



JPL CONTRACT K5-330257
WIRE TYPE & SIZE_SO Tsonel  JOINING METHOD Toveh fute

SPECIMEN . WNITIAL RESISTANCE | RESISTANCE BREAK POINT OF
NoMBER [messtANE | oSSV | o Beishee | GRNES | mhenr
LA : g0 Jo: N
2 A 12,0 o aT
3_A » 9.0 o
L - 10,9 Jao.nT
5 o T.0 Jl/ha'_‘
- 10.2 QDINT
1A /.a JorNT
8 A 9.5 Jonrr ‘
° A _ Joiny gpaileD
o A3 ) » Jera T :
n_ 0 A o T
123 — JEDH
EN G 9.4 =
“ £ 8.0 JenT
-\ 6.30 6.30 Nu b7 JOINT
- 590 o~ | EALED Non B
18 A 6.20 o L.20 0 CapRaos '.Qﬁ 9.0 JOINT
® A | 700.a. | 7.00 -0 |CaRRonie 90 | Jor
- 640 . BROKE BRING WANDLING - | corRROSjoN ]
IR - 220 o | 7.20.0 1 CoRRosioal 3.0 JOINT"
22 o (30 EMMLED C GRROYION NONE Te——
23__A Lk - | 6O o go JO/NT
24 AN bl0 . | EpLeD CORROS N NONE —
25 [ .00 0 .00 -a_ | copResion — ERoxE PoENC
261 .00 b.lo Cxr R Rasion — o VP
27 i M-ﬂp SrRoE whiLE LoADWNE Rack | PoR .mumMminaTY] TEST
28 A3 _lo-J0 n. | o@D |conRosion ADNE —=
22 3 _£-30 6 w i e S 2R ';' 3.0 NosnT.
Moo | bbo - [ _¢.70 n L2 _Newr
32 _a le.50 i (.59 0| ﬁa Nynz
RN_A _£:506 .o _b:60 0~ ST
34 A 6.70 s |BROKE M toord My WELGHT |ATTACHED 1€ erams
35_A 590 - ——booa.l Z2 S/
36_A __ 670 P 2 20 s Josmr
31_A 440 A .50 75 oy
38 A b.bo 70 . 8.5 vdocaZ
39 5. 90 o * Loonl]l  6& \Jezntr
4o _6-30 .| pe 2 | 43 VYA
LA 6.20 | E@kéfm&_am/up ]
2 A ©:20 FAILED — —
4“3 7 696 R ¢.50 - 2.5  Jocarr—
Y A 620 Y . 3000 2.2 Joon 7~
S A | €00 FAILED - ——
Nere ; 9= Corras eN

JERN = duar raileDd Durirns HarvDl 1vG

PROJECT ENGR.- F. KEISTER




JPL CONTRACT K5-330257

WIRE TYPE & SIZE a2 Forme JOINING METHOD _Torew fuse
SPECIMEN INITIAL RESISTANCE | RESISTANCE BREAK POINT oOF
nomper _ [messrance | afa€s | At | sewe | Rl

1A 3)_GRrams JOINT

2_A Ao L SOINT

3 A (X NOIAT

4 A 3F SornT

5. A 39 JosnT”

e_ A g0 SO/NT

1 A 72 JornT

8 A {9 JOINT

9 A 32 CDOrNT

o /3 - JOINT

nw_n O WIRE - SA2'

12 N =X JOINT

13 N 95 dO/INY

% N 7S JoI/NT

15 é 30 JOINT

o o 830w | R40.a | Codkogion | 7Ps o

0 A 880 0. | 880 o : S5 QT

13_A -840 o pED - 6%5’ S0V

9 o -840 o pB40 n CoRR DS/ , ST

20 A 880 | .30 23 0 N =

21 A E76 o BI5 o | CerRos DY 295 JonT

22 , Bbo .QQQ D Cg PR oS 104 5—? 0 Jb/l\/?“

23 A . 850 .Bboo.~ | Connosiny 27. O Joru—

24 , B0 <2 KRB0 CORR 8e104) 2.5 JorvT

25 910 .90 o CaRRo%ID 5.5 JOINT
26 870 o okex WG haadlise e R

21l 230 925 o | coa@rcion go - JornT

28 o 20 a. | 86D .n | Copposion | 2¢.0 JOINT

22 3 ~_.9%0 o RC o | CuOResion 78> Wike - 377 |

30 43 =910 - 45 -3l o Co RRoS104) 2. 5 JornT '

3_A 840 o : .88 us.g d2INT

32 o Bl o L8000 i 4.5 JoWT

3 A 880 s} B85 . 36.0 JOINT

34,4 « 8RO . -8Bo (.0 JoInY

35 4 8600 275 <l 0.0 Jo Nt

36 BIO s .85 oo 32.0 JOINT

31 A B0 e Bel o 5.0 JOINT

38 (810 - RO 15,5 JOINT

39 A4 B0 . 8b0.a. 3.0 JOINT

4o A3 1910 0 |8RE Ap soom Ao WEIGHT ATIANED = 25 gromd wips =) Vy"

41 A .840 -850 o 2.0 JOINT

“2 A B0 X . 890 - 10,0 JOINT

43 4 . 90042 Proke Dol To wamorlineg —

A 956 = 50 10.0 JoINT

NS A 790 o IBO Lo %4.0 JeINT

o = Coreosion

PROJECT ENGR.- F.KEISTER



JPL CONTRACT K5-330257 ®~
WIRE TYPE & SIZE _4¢ Formvar JOINING METHOD _Toreh fuee

SPECIMEN INITIAL RESISTANCE | RESISTANCE BREAK POINT OF .
NUMBER :  |RESSTANCE | yularorey  |remscantone | (OBSRS | BREAK
t_A : ' 23 JoINT
2_A /9 A
3_A 27 | Dornr
YA /6 Jaw T
s A 25 Janr
6_ B 24 1 JoawT
168 : /2 Junr
° A 20 JoNT
o 24 SN
n_A 12 SoVT
12 A 17 Jour
13_A 2¢ SNt
“ A /5 JarnT
I T . M B—
o A .50 2.948 o 2A6.0 JOINT
YA . 2.4) I 5.0 JOwr
8 A 2% e | 242 - 24,5 JornT
19 _A 2.38 232 ' _272.0 Jon T
20 A 2.35 n | 2.33.0. ' (2.5 Juge- %" |
2t A | 2,38 o 2.35 260 JOINT
r YR RO 2.19 e oo PRl JOINT
23 A 2.28 o | 2.22 o /82" JOINT
24 43 2.30 . 2.19 - [CoRRoSjON 25,0 JOoINT
25 4 2 2.5 JOINT
26 A 22.5 donr |
L. | 55 JONT )
28 A 1 aowE —
29 A 1 2.20 o 30,0 JO/NT
L Y-SR S o7 Y- 23.5 S
32 A 13.0
33 A 190 NOWNT
M A - 446’.! JONT ‘
LR - — 24,0 weee - /2"
36 o DURING HANDLIN —
3T A 7.5 wies = Mo ” |
38 A — et
39 A A5 e .20 O /5, S Jonr
40 A Z.20 o | : 2o Sl 5.0 _JoNT
4 215 . ~ ¥ 2.20 0 d4e” JonT
$2 3 2.05 o2l N L0 domnT
43 A3 2.2 K _ 2230 2.5 Ao
4 4 X .20 “£1- ' Q.20 £ /0.5 JOINT
NS B 2. 50 -n- K 2300 | S0 “JOINT

¥ CorrosidN

PROJECT ENGR.- F. KEISTER



JPL CONTRACT K5-330257

®

WIRE TYPE & SIZE_S5O Yormvar JOINING METHOD _Torch fuee
SPECIMEN INITIAL RESISTANCE | RESISTANCE BREAK POINT OF
NUMBER RESISTANCE Hu:\r J 15"‘( ﬁm‘;:;iai'uae L'i?‘.‘if b] BREAK

LA ' ' Q Gesms |

2 A - . chpu‘/)vc"d

3 A WA Jo/nT |

L - 20 weee - Mg 1

5 A 9 JOINT

6 A 7] . domnT

1T A —_— Brotc. dvrwng

8 A 9 JOoIN

® A 9 JOINT

1o /3 ) gk -%a" |

T @ JOINT

12 73 7 JOINT

3 A — B R uriing

“ B g JounT

s ‘ o 7

- S5.80 =1 5,90 2 | CoRRosion 2.0 JOINT

a_A 590 .| 5.90 o | CoRRoS\on 3.5 JOINT _

8 N : 00 - EAmLED CORROSILON NONE — '

9 A -2 n—| (.22 - Cp ABoziga B Bzo‘%NQ‘u“E"/gs ,

20 A 5.50 Fa\LED - CORROL1ON NONE - ‘

21 A .00 6.20 . anesteg| 3 o JoI/nT

22 A .90 N FMLED C ORROSLON NOAE —

23 A 5.30 - KeN afivgl  nonE —_—

24 A 5.90 o | L0600 o o581 aa) 9.0 JDINT

25 S5.50 e | FALED CORROIIEN Now & -

2613 6:50 N la-lod CoRRosION (2 JOINT

21 N o0 nl .19 a | ChpRacioy | 3 JOINT

28 A b RO e.35 o CopRasia (0.5 JO/NT

292 0 b0 o : 10,0 JOINT

30 2 . - 5.50 ol | j -4 - JOINT

L3 _a 5.70 - |0RORE A% t00M XS wEIERT ATHTACHED —D | 4.6 arams

32 A .20 e 645 o g5 o T

33 A * b o . 3.70 <« S, 5~ Jornr

34 06 619 o 2o Jes T

38 A _4:60 .0 .70 .0 JO)N’T :

A .20 ¢-30 - o7 |

31_A 400 - .15 A Jon7

38 A .20 - soon Ay WELGNT enED Mo | wiRG =3/" |

39 A 5. 60 Missing 2 — o

4 N (.30 6.90 G2 Jonvr

41 K .00 - 0.0 \_}a/N‘T’

42 N ~ 590 51 | BRokE AS 00N AS wWEGAT|ATTAHED —fP 4.l gram

43 A $.50 b o5 - 25 oo vy

M_D $£90 o _b.0o-q 2o Jornr

¥S A 5.90 < .05 o KA n )N

PROJECT ENGR.- F.KEISTER



WIRE TYPE & SIZE_42 ML

JPL CONTRACT K5-330257

SPECIMEN INITIAL RESISTANCE | RESISTANCE BREAK POINT OF
NUMBER RESISTANCE | yumipiTy TEMPERATURE (2’3‘3&{) BREAK
1 A & )orwT
2 A T gINT
3 A 38 | Jywr
Y A ]4‘ Jaun T
5 N a4 Mo NT
6__A 3/ e NT
1A ¢4 Junr
8 A 16 JOINT
9 A 24 LJA{,./T
o 7 /9 JoinT
i 3 4 jDINT -
12N 5D RINT
3B 28 et |
% N /3 JosnT
='_S—-_£==%—_—_—==i=%
oA 430 | . CopRosian 55,0 (7Y
1A 940 ol . CaRROSION 9.0 NorafT
3 A~ _2.700 o e ——
©_ 4 IR0 .| 980 | commetin | /9.0 =
20 A 2.100 - | £ 7019 0 $5.0 Joearr— |
20 4 |.080 o ' ._Cmnsim__._%& NIV
22 A .990 - | o | CoRROSION 60,0 | Nasr
23_A 90 . SRRSO 5 Sosarr
24 A 950 o~ .960.0 | CokRouves Tj,s ey >
25 .20 o 9202 | ColdRosioN 200 +J |
267 ).000 e | 1, 030 O ‘Csmmnu_gri ‘ !
21__n 960 S | Co o IS’ o nT
z8 4 ?Se_s-__lmzz_nmﬂm - ‘ -
292 A KTY I Y _CarRoSiod | BRoke Duwial¢ danoling |
30 3 & Cgaga§|w éﬁo _LQ]N I:_,___
31 A 9L El'!.ﬁ AS “’"‘Lf‘* wELeW T | AT TAC > 185. (o atoms
2 A [, 1 OO o s JonT”
33 A i%"a %l 4.0 Jeosol 7
LI B Le lﬁo__.n_- [ 156 e X5 o4 NT~
35 o [ 600 090 25 Josng
36_A L 000 - 1.070 -a_ /2,0 N
31 _ A 2930 . EAILED —_—
38 A 988 ¥ 9700 ?,ﬁ 5 Joon7T”
39 »A 230 o ¥ 9%0 .- /3.5~ JonT
4o N . 990 o | -930 .0 N
T\ .910 . | i cheg K S
42. A 9] O rm d L0 o ;?0 j}m_—
43 _n : 960 . . 410 o 2.9 s JaeAT”
YA . %_o—.tg .80 785 I NT
4ys 1 ’ i JPVURING HANDLING - —

¥ rCorrosion NiTEd

TR
[

PROJECT ENGR.- F.KEISTER
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JOINING™ METHOD _Torewn fuse



JPL CONTRACT K5-330257

@

WIRE TYPE & SIZE_4AG M JOINING METHCDM_‘

SPECIMEN INITIAL nts\sTAuc: RESISTANCE BREAK POINT OF

NUMBER RESISTANCE uummgr?r rempernTure | (E355% BREAK
t . A ' ' 21 Jngl\/’r

2 A~ 20 ) .\_.)ﬂl i
: o N PS5 370
4 FAY /q JeoinT
5 30 SJaInT

_ 6 A 27 ngvMT
7 ) 27 _ Joinr
8 A 10
> A [ Jont
o A 29 » Ao vy

} 18 3 Ji Jaint
; TYL 34 JdoinT ’

13 N 2 o o) VT -
% A N 29 JaonT
(s 2 an
o A 235 ~ | 205 0 | oo /155 Jo T
[y - 215 o | 2.2% Co iR Rostye 4.0 Jo T
g A A.40 < | BROWE wmLE JLOADIN G Rack | FoR WoMIDITY | TEST
9 A 2.20 on. | 2,20 2.0 NI
20 A 2.30 - | 2.32 o 230 JornT
21 A ' 2.30 o |BRok&  wHILE [ieaDE RAck [ FoR  HUMIDCTY | TEST
22 A 2.20 ~ | 2.22 . 23 JeuaT
23 A 2.20 o EALLED ' CORROSION :
24 B A2.20 o | Z.iﬁ. Do C.oRRasI1aN 2,5 Do NT
25 - 2.20 2:.28 -n- osi Jo.0 JpuT
2e__ A 2ol o ml N | Co RRONI LS Mo o7
21 2:30 Calolel Hasnlve R
28 A 2:08 e | 2.%0 00 ' /- ¥ _o)é. T
22 3 2:.20 | 2.0 o | CoRRoyipu) /S5 | Wdenz
30 2. 20 ZROEIONL 174 WI-YLYs
al 2y - 5% Vo) . 2. A2 20 \)JIAIT
32 A _2.20 - EAILED —
3™ A 1 2.3 - 32 S5 02 VT
™A | 2.25 2age | /2.0 \asa7
35 o 2.20 2.29 . /20 N a
36 A 2:25 . [SRoKE AS WON| AS WEMGKT |ATTACHED 12.) grams
31 A2.25 o A 2,5 Josanr—
38 A 2.15 1 2¢ JosNT
3913 2.20 _n. |BROKE AS 300D A% WEWHT|ATTACHED ~1+D 12.1 growmy |
49 2,20 —n _2.2) -0 S5 JoINT
L. Y 2185 219 -0 330 JesaT
42 220 o 2:-18 o g5 NIV N
43 2.20 o , &0 Jas AT
4 A 2.206 o 222 o L0 Jos AT
€S ZolO - .13 Hm 25.0 MeiuNT

PROJELY ENGR.- F. KEISTER



JPL CONTRACT K5-330257 ‘
WIRE TYPE & SIZE__SO_ My JOINING METHOD Torch fuse

SPECIMEN INITAAL RESISTANCE | RESISTANCE BREAK POINT OF
NUMBER RESISTANCE uquJS'@ TEMAP:;iRTURE ?82;&1 BREAK
1 A i \ONT
2_ A 4 ounr |
3_A 7 )
“ A 7 jnm-r :
5 A 7 Jorny
6__A /A —
1A Z sJoinT |
8 A —_ He BeskeNaT ST
° VA JoNT
0 /2 /0 Joivr:
w3 —— IRe-Reoker o b
2 72 9 Jearnr
13 73 12 DaiNT
WA . 2 Jorvr
e A £,00 = .0 m CoRRos 10l 0.5 JonT
A 590 | £.90 v | Coecesian| 35 Nojur
: ! 10.0 D8INT
CORROS\ON I .
: I.S \)mnﬂ'"
£ | CoRRosion 20 Vosalr
A | CaRResum| 7.5 Jonr
A | congosiol 945 Josnr
£3 | Hasn by —
A | Cnegocma) B.5 Josnrr
A | Caonoson| 6.5 \arnT
A CaRROSIOM) lmir D Neinguanpling |
/A g . Frile X ]
A | _4as. 1 Beten ,
I SR Y Qeposipw|foilen Rug: G e n Lo
M_ A ] 5900 |sroxe mssoon]as veient | arracned —»] .t geoms
32 A | $50a | 390 .a. EX) Sz
33 AL i Y . . Josnrr
g . 00 o .10 - ’2,( JoNT
35 A © - 5.80 o BRokE AL SOONIAS WELEWT ATITACHED —> | 4.\ aramg
36__ A $.90.a. ) 3.8 O Ly d\ o v
1A S o o 5- 85 - JA A=
EL - .80 .5 T60 .1 /0.0 vl
ELICY (.90 o S.80.qu] 2.0 uNT
490 A o.0D n |BRokE A5 500N MS WELHT ATTALRED D 4.1 4rawns |wiRE = /e *
4 A (.70 o [BROKE M\ Soon] AS  WELE KT | ATTACHED —I% 4,1 aram,
Y4e 73 lo- 20 i BROKE A 500 | AS WEWBRKT ATTAMED —B | 4.l arswg
43 N b-40 FMLED —5 |roRROSI1ON . -
4y 5 S:90 . |BROKE A5 sco NjAS wElen T | ATTALNED —P| 4.1 geams
45 p L:lo o S90a | &S O/NT

PROJECT ENGR.- F. KEISTER



JPL CONTRACT K5-330257 €D

WIRE TYPE & SIZE_42 Therpaleze  JOINING METHOD _Soft solder ¥Q‘\' Jl?
SPECIMEN INITIAL RESISTANCE | RESISTANCGE BREAK POINT oF
NUMBER RESISTANCE | i lalonr ¥ TEMPERATURE FoRrc€ BREAK

LA : 23 Gramg donyr |

2 A kd 4 - DOINT

3 A 25 JOINT

Y A 20 JonT

S A YA JOINT

6 A 20 SOINT

1A 36 NPT S |

8 A 23 Ja;uI___‘

° A /0 ) _

o 0 = )M

" 30 NI G

2 A /- JoInT

13 A 3 JoINT

T 17 Jarw T

15

oA 930w 990 . 30.0 NPT

7_A 8 o | R0 - 20,0 ST

13 A 2560 o 1988 o 38.5 et

9 A 830 - . 830 o 295 SUNT

20 A 920 . 920 = 2.0 SN

21_A 920 .o | ilen

22_A 880 .| .%90 o - 295° slos AT

23 A b0 +9Q70 ‘ Rearer) Woehy Frrid

24, 900 . . 93S - 32)0 Jo) yr

25 1 L. l0o- | L)oo a AN dor vy

26 7 m - .410 30,4 A

T A (RO e 9 ' 230 RYSTVas

Ic : . : s VAT ‘}u-s\fr'

&) .2 Son7

/) 3£.0 | Soar |
2. o N

33 o | 300 . - hevee Chelek  —

34 N 1 3an aw - FAILED — -

35 A 880 . BROKE A sedn A4 werenT] ATTACW ED 2 10Y2 gramy

36 A 1o o £AILED = =

31_A 320 - 922 o /S~ Jo T

38 A .80 . 870 o 230 slosers

39 270 .315 o 235 e VT

4o N 940 . EMLED — -

TN 180 o 195 o 0,5 Jos iz

$2 ].068 1.690 A o, VT

43 4 L1006 1,100 wan | £ Jper s

44 N 990 l.]eo 2.5 JoyT

4S A 986 1 _EMVED. o i

PROJECT ENGR.- F KEISTER



JPL CONTRACT K5-330257

WIRE TYPE & SIZE_46 Tsonel JOINING METHOD Soft solder pot dip
SPECIMEN INITIAL RESISTANCE | RESISTANCE BREAK OINT
NUMGBER RESISTANCE | Lyiarns =% TEMPERATURE H 2«‘.&& D) PB"EM:F

1A 15 GRamg AY-YT ke
2 N S Jo/NT
3 A /S5 JoinT
4 A /2 JOoINT
S A 4 Semwm7r v
6 N le JOINT
1A 22 _JOINT
8 A 12 dosrnT
92 A 13 do/NnT
o 2 29 SO ary v
T ' 16 JOIN
12/ — i UA~1>u~,&
12 H 12 JOINT
%A : /Y JOINT
d_——_—‘s ==_——_—__——$=%?,——N-z—'=
e A 2.55 . | 2.55.a 175 JanT
_A 2.90 o A.39 o 15,5 SN T
2 A 2.30 o 130 o 7S g
9 A 220 s 2 .40 /4.0 JNT
20 A 2.50 . A.50 /75 M
2t N 245 o .45 n_ 185 JarnT
22 N 4.0 o 240 o0 18.0 Jorur
23 A 2.45 o | 24945 a. 155 Ve
24 2.30 - 2.32 2.5 Josnr
25 p 2.55 o | 2.52 5.5 Vo, nvr
26 N 21.58 = 253 £ 18.5 - O NT
21 _p 2.8 v | 230 .0 /8.5 v
28 2.30 2.3 a 2.0 Vol
29 A 235 = | 2.32 o 4.5 Jorur |
a1 2. - Fg,ns,m_ 15N S NYPNL <0 B
i Losce ol T oira !l 4o | ews
32 Ao 1 235 o 240 - 33.0 JOINT
33 A 2-35 o 2:99 O 0.5 JOINT
34 A 2.30 . FAILED - -
35 A | 235 A.50 a, 2%.5 JowT
36__A 2.50 o _ 2.57 .00 4.5 JOINT
317_A L30 - 2.46 14,5 JowT
38 A 2.55 L. b5 v 20 JOINT
39 2:40 . |BRoKE As oAy WEIGNT |ATTACNKED —>] 8.2 arams
40 A 2.385 o 2.95 O 15.0 JoInT
T 2:98 o EANWED b —
42 73 .30 o EPMLED -_— —
43 A 2.30 .38 .5 JO\NT
4 n 2.30 <2 |BROKE A soon| Ay WELGH T |ATTACHED —1b 8.2 arams
S N 2.35 | 298 .0 4g JoINT

PROJECT ENGR.- F. KEISTER



JPL CONTRACT K5-330257

WIRE TYPE & SIZE_So Tsonel _ JOINING METHOD Soft solder gok dip
SPECIMEN INITIAL RESISTANCE | RESISTANCE BREAK Poim T
NUMBER REUSTANCE | yiyatpy Ty 'reM::;iﬁ'uRE e BREA KOF
t A ‘ : ' 7 Join 1
2 A 7 JonT
3 A 8 JosnT
% A 8 Jorwr
5 A 2 JoinT
e A 9 . D OINT
1A 6 JoInT
8 A 4 JounT
2 A 10 Jnint
0o A 7 Javt
:;. 2 g o E D‘:‘ N6 |
3 p 23 Deme o
" A 8 JoinT
{s &6 Jo
S N~ -0 < Failed — :
7 A 070 | .15 g, /2.5 DarnNT
18 4 £:60 e | (6O - /2.5 N
20 A 6 40 o | Bmoke wniLe [Lomoiwe rack [ For wuminyity| TEST
20 h ©$0 el (4] . FX Sosnr
22 A $:90 e | .50 o5 Ja 1aee
23 A 6:20 «n | (.25 o WA Vornr—
24 A £.90 7.00 L. 7.4 JonNT
25 p 640 - | (45 a- 7.0 Josar
26 _p .50 o & YA, J
27 p - .50 o Z?ﬁ Py ga J:,‘%-
0 - ("hi& A/ o L
B -85 .o o &
S PR WES . — -_—
_FAILED = =
FA\LED — —
FALED — -
FAWED — —
FALED — —
FALED — —
A FALED — —
32 6 -0 - | BRORE A SooNI AL wWEIGNT |ATTACHED —1> 3.8 grow
4o oo 6:20 .. |BROKE ~As swNlAs WELGRT  [ATTACHED —1D 3.8 aramy
4 p 6 80 o |BRokE as teew] ag wELENT IATTACHED — 1P 3. 8 grome
$2 /5. 6. 40 N FAILED —_ -
43 A b.bo e FAILED — —_—
“4_p (. 30 ] BRoKE P seew]AG WELGHT  [ATTACHED —d» 3% araws
4§ A - 6. RO | BROKE AS fooN] AS wEIENT | ATT ED £2m

PROJECT ENGR.~ F. KEISTER




®

JPL CONTRACT K5-330257

PROJELT ENGR.~ F. KEISTER

WIRE TYPE & SIZE_42 Formex __ JOINING METHOD Soft soldec gob. dup
SPECIMEN INITIAL RESISTANCE | RESISTANCE BREAK oOInNT
NUMBER RESISTANCE Hu:;tr(;rrir“‘r fem?’z‘;lieruas m) ‘;“E’“‘:F

LA 29 NDINT

2 A 17 Jasnt

3 A 49 | o
A 23 Soin

5 A 33 ant

e A Zé o NT

7T A 37 C WMJNINT

8 A 34

> A 30 ST

o A 3& Noivt
T, D Joar
2N 34 Josnr
13343 26 Soinee

“ /3 37 ﬁf.nmrr

1S 2

o A . 880 A.SQSQ__ Qﬂﬂos:w 15 Jo/nt
7_A 840 85D <> | CoPRosian) 34 IRYLYIND wll |
18 A .10 420 A ] CoRRaION IS e
2 A 900 .910 .| Coerogion 14-9 Joiay

20 A 800 Plon | Crpeossam | 255 NesyT

2l A 950w .o | CoRPpgiow 2L5 NOINT
22 A 960 - .970 s | CoQ@usion WA Jar T

23 A 940~ 930 | 24.5 Jo/nT

24 -?;0 - .qso&__ﬁmgm__&z__*m__
25 /3 850 ,gggv e o AROS(] 33,5 " oNT

26 N 90 —n— , 9y ot 4.5 N QINT
213 410 Q20-n| CorResow | (05 | Josr |
28 oo Qo] Cog 3 122 | Jdasr

29 A 920 930 - N 3.5 ﬁ__
30 A 840 (850 | CorROL I BYE :

3 oA B30 : . 830 o $0 JomT

32 A 870 . . 870 o Ny, 5 JoinT
33 A 6@ | BROXE A5 volon AL wEiew ATT A +» W.7

N A 920 - ' 9RO - 8.5 0T
38 A 930 < |BROKE A Seow| A WELENT [ATTALRED —B] 14.7 qramy
36_ A L850 o ' FAILED — —

3T A 320 -~ B0 | BRIKE DURWGE HAWDLING
38 A LS50 o 300 e 3,5 JOINT

39 5o BbO - |BROKE AS sojow AS WELGWT ATTACHMED-1—> 14.7 grams
4o A 830 . | B 2.0 JOWT

4t 4 810 -~ |BROKE AS soloN AS wELGH|T ATTACHED 1% W, gramg
42 A . 860 ~— : . 8%¢ o 3%.5 JOINT

43 N . 890 - 3 ‘ shwce lcheok
CCI) .850 ~o FAwED | - -

4§ A . 870 roke dgemd ResiTluce JOheek |



JPL CONTRACT K5-330257
WIRE TYPE & SIZE _4L Farmvar _ JOINING METHODiLLsaH.u_pLLp_

SPECIMEN INITIAL RESISTANCE | RESISTANCE BREAK POINT OF
NUMBER RESISTANCE m’:fgg‘; Te M‘;gﬁg“e FORCE BREAK.
' A 20 Grans] JOINT
2 A /9 JOINT
3_A /6 D OINT
Y A 22 wiee =V/2."
S A -y JOINT
6 _A [o JoINT
1_A 2. JOINT
8 A 23 JOINT
2 0 25 JOINT
0o A ) OINT
1] /A . s NHANDCING
12 A 8 AOINT
13_A 8 JOINT
/5 JOINT
b JOINT
150 o T
|85 —
[15” Vewwr |
oL EENPYPYs ullb
150 Jo N
ICAY Vo T
4. s T
%.P c)z\u\/"r'
6.0
) A ‘
12.5 ?j _
3.5 g;:i:;
95 5 5 S NT
_R.40 1325 Dot
{1 2L WADING Rack] For  momiowrd TEST
285 . 4.5 Josarr
| a9 .52 /5.0 "o T
240 295 a g?z.f Tyt
ZeAS 2300 1| /¢.0 !:jualf
S A 1.2.30 - _2.35 o 240 UgonT
36_A 220 228 0. /95 IaraZ~
31 2,90 o . 7y, uf,m: i
3 o} 290 w0 235 a | /.o \dara7 |
39 2.55 e FAILED — = »
40 A 2.35 - 2.39q /A AW 2
4t 2.40 2400 5.5 N =
12 5 L4940 . A4ln. | /32,2 Vo a7
43 .40 ~s— 24945 | 2,0 <Jesacr
44 3 .28 w2 Brokguﬁg_g ﬁ/g_da/ﬂ» —
s A A.20 EAILED —

PROJESLT ENGR.~- F.KEISTER



JPL CONTRACT K5-330257
WIRE TYPE & SIZE_S0 Formvar  JOINING' METHOD Soft soller pob dvp

o

SPECIMEN INITIAL RESISTANCE | RESISTANCE BREAK POINT OF
NUMBER RESISTANCE Hu3fl>f\§r$ ' remzzaiﬁrune FoRreE BREAK
1 A 2 Grams JoInT
2_A q SOINT
3 A 9 Somr
¥ A e JO/N T
5 A - HANDLING
6 A __ g JOINT
1A b SoINT
8 A 7 SOo/NT
° A g do/mT
to A - 7 DO INT
N s dO/NT
2 (3 7 JOINT
3 — B e |
4 A 3 JOINT
. [ é Y T
e A T80 e | 5.80.a 7 QINT
- $.l0 b.1o - Reoken wingd Q) }
8_A 5.9 e | 590 -0 _}5 Soor |
19 A 590 S.95 e 1.0 nNT
20 A .00 Lelo .0 7.0 JosnT
20 A 5.30 S 30 2.0 ST
22 A S50 e ;_bl.vﬂ_. 90 \)QUUT"
23 A (00— £:00 - Bioken ube n) B/
24 A 590 (.00 ., 2.5 ‘\\Lmu':'r
25 N £.00 G.10 n 4s Jornr
26 p _L.00 - fa:00 > _LO Jonvr |
21 SB0 o, |BROKE  wHILE frembime Raex ] For wurmvtw | TESY
28 N 59 =~ | 5.9b5.q. 8.0 Jarwt |
29 b0 O ‘ e 2.0 N onr
30 4 S 70 %'27“&3, 75 =
3t Y §.15 $.5 : Jocar |
32 A O.U0 2 |BROXE A5 seon]As WELENT ATITAcHED ——P | 3.% gramms
33 A _5.80 FaILED — -
34_A S. Qo FAILED - —
35 A L.0 . IBROKE AL Soonl AS . WEIGHT | ATTACWED —15 3.% arams |
6 A S.70 - “ S.80.0. | e pE Nl G |
31N O S gon. A R o7
38 A 590 - Frieed — —
40 580 o FAILED — =
L) Lo 0O FALED P o— -
Y2 A .00 -n— |BROKE As seoM AS WEIRHT [ATTACHED —1» 3. ¥ qrams |
43 i .70 . |BRORE A seow] A% wEILHT |ATTACWMED —3] .3.% arams
Y A £.90 L.5050~ ~ 7.9
4S /A 5.0 . |BROXE As scom] Aas  wewhT |ATTaAcnED —¥] 3.8 srams

PROJECT ENGR.- F.KEISTER



JPL CONTRACT K5-330257 (e

WIRE TYPE & SIZE 42 Therwaleze  JOINING METHOD Silver solder oot dip
SPECIMEN T wmiraaL RESISTANCE | RESISTANCE BREAK PonT
numgER  |revstamce | W BEE% | o BEithee | TR | amenw

1t A o : 40 arawms JOINT v

2 A ' - 6 _ Jwwre -V

3 A ' ' 2 Jo T

4 A 20 JOINT
5 n e S0INT

6 A L3 JOI/NT

1 A ' - . 73 JOINT

8_A » P ar JOINT

9 \ 27 JO INT.

o A 28 _JONT

"R 77 - JOINT

12_A 87 WiRe = 4]

13 A - 7 ) O/NT

% B ‘ _ 82 wrer - | Ve

. WIRE - 34/” ‘
A .

7 A L.-20-- 210 T2.0 JoinvT 1

3_A L.1o o Lao-a_ KA sdosn/y-

9 A 1 1S L 1D e L0 \aalr

20 A 1S e 1t 32.5 oy

21 N A8 j.oxto¥.n- 780 Jomwr D
22 A .30 30 —— 7235 ‘| Jmnt

23 A IS a1 LIS .0 7Ls RYYY:=

24 A L09 -n- 112 . | CorROSIOM 19,5 Jont

£ e -] 9700, ' |
A . i
0

A

3

A L. . = 2 o 7.

2 A | fof . n t 1.09 o 295" SLETY, sl |

33 A4 1 28 .~ 1 [22 o 33.5 JoruT

34 A _1:0F -~ FALE D - =

3% 4 08 e ' .09 oD Lfo Josnr

36_ A .20 - _ /.20 o 2352 Jo, VT

31_A .10 s 115 SA _%L

38 A .10 .13 40 a7
39 10 e [15 e SPs  \Wige: 27 |

4o A .05 A . 109 0m e s DornT

T, 4.20 - - 2.78 Qn ¥4.0 izarr

42 A 15 . /. 1% o _%_415‘&:__

43  p, 2.55 o 238 o 0 sArell

TS l.o§ o 11— <20 N =

4s_ A lLog -~ ). /0 2.5 Jerng—

PROJECT ENGR.~ F. KEISTER



JP_L CONTRACT K5-330257
WIRE TYPE & SIZE_46k Tsonel

@

JOINING METHOD Silver solder oot dvg

SPELIMEN T INITIAL RESISTANCE | RESISTANCE BREAK PoOINT
NomBER  [RESSTANCE | ufa Y  |remenchue | R | smemi
LA 3 2 6RAMS JoinT
2 A D5 SOINT
3 A 29 JOINT
4 A 20 DO INT
5. A 2} __J0INT
6 A 32 JOINT
7 A 24 JoinT
8 A 24 SoinT
°© A 29 AT
o 27 JoiNT
n_n 27 Joiwr
12 A L@ Joinr
13 N 21 JorwT
% A 25 Jernt
_—_—-——-_-_-——T-—-————-—————"'s""' 3——"— — M
o A 2,45 - 245 . 30.5 JoinTr
17_A 2.50 | 282 0. 36.0 _JOINT
34 250 oo | 2:99.0. 1CoRROSINK 3.0 Joyr 1.
9 4 230 —neal 231 2 ICoRQaSioa)] = /1,5 :
20 A 2.50 | 248 o — B oiia®
21 A A B3O o 2.3l.ag 1 CopRoSI0A /€. JOINT
22_A 2.50 o 2.50 .0 | CpRRSIDA 295 JOINT
23 A 1.50 2.50 3720 JoinT
24 _ A 258 oev 2SS | LoRRosiDa) 220 VO INT
25 2:55 - 2,55 22.0 JOINT
26 .14 A:%0 - 2.994 . ' 32,35 JOINT
21 2§ o 2.lol-0. | CoRROSION 3¢.2 __JOINT
28 A R0 e = | CoRPreiDO 2/.5 JO/NT
29 A ] 2.70 | 3ex “,’gﬁ'.n. 22 NOINT
20 A | 270 o | 2330 30.0 QO NT |
3. a1 2.35 .39 o 32,5 Jos T
32 A 3.60 -~ 4.30 . I35 W 2.0
33 A F.Lo 400 | 33,5 S NT
34_A 3.0 o 4.0 o 325 Joar |
35 A 2. 50 * 9,59 335 Jorar—
36_A 2.945 - A.55.0. 30,0 J a7
371 A 2.8 ~ | q.70 370 Jowma |
38 A 1.8 o 245 Q. 23,5 Ju o
39 m 2.945 o 2910 2325 = Yo
4o A 2O ol 0 24,3 Josesr
TN 2. 65 . 2.7 0. _20.0 RIS -
%2 2785 e Q.70 .. 36, S sdonT
%3 A Q.65 R.To .a. /4.5 JornrT
T 2.55 . 2. 3.5 s T
e _ 2-70 - 2.29 o /5.5~ Do NTT

{= Cavro<ion

PROJECT ENGR.~ F. KEISTER



JPL CONTRACT K5-330257 &
WIRE TYPE & SIZE_SO Formuar __ JOINING Meruooﬁmmnmm.m

epzeIMEN | WAL ‘ Rt&lgﬂé&ecs R“‘S’:&:“ BREAK POINT OF
NUMBER RESISTANCE HUMIOIT Y TEMPERATURE [ég‘éﬁns) BREAR
— ’ Joiny
2_A / Jlguy-r_
3 A ) 1% oven
i A S RTIYS: S
5_A 10 I0INT
6 _A ) _JoinT
1AL i Jorng
8o 5 —PAT
9 A 10 JoINT
oA 12 NosdT
e 1 __Jont
12 N {1l
3 A T jo/ﬂ
A 1 VoraT
s é - . :

o4 3 - Rrok . y
1A $40 o | £4A o je, o dopT '
TS £50 o | L.bbo- |Cromosiay | — by yviviad
2_A 50 oo | b.GD0 | 9.0 T -
20 A .60 FALLE D e NOME -
2l o - _S4d6 BRokEs) Cosgosion | —_— Ao NE
22 A :42 o | 6.0 | Coeroginw S0 JomT
I Hﬁnp‘mg
/s JOINT
3.0 domT 1
/0.0 _SONT
M. 5 JoT

8.5 . » ggq N1
‘ 20 ) 2WAY.
i t «/v’omé -

_ , R | 1l S | _Jomnr.
32 A 6.60 wn. | 1 6400 6.0 Agm‘r
A 33 ,& : m.,mwks Soonlk M 5 WEIHT ATTA&&EQ e ,5‘1 .
34 A ©20 o |BRoKE A g_s_'gl_n_g welgn T | ATTACHNED —1» SVLQLMS
35 A- .10 . .20 1 4.8 Jowr
_36_ A b.1C -su. : be30 O /0.5~ JO/NT
31 A 5.70 o1 |8ROKE As S0oN[AGC wENGRT  |aTTACHED —» S Y2 qrame ]
38 A S.90 < cosa | /.0 | Jomr
9 N5 S.90 [ ™ 40 Joinr
. LR : $.00 -0 JIX ] JOINT
T £.00 ~ o1 - %0 MRE ~ Y2 ]
“a A B - bl .o /o WIRE = } Y/e”
%3 A 7.08 - ' 8.0 xd _JOINT
4 A 5. 20 59 /7.8 JOINT
NS 73 I - ' FAWED — S

PROJECTY ENGR.- F. KEISTER



JPL CONTRACT K5-330257

@

WIRE TYPE & sas_&g_zmnm«__ JOINING METHODMMP

' S?_Er.men ,

INITIAL utﬁsﬂmcs RESISTANCE BREAK POINT OF -
NUMBER |RESISTANCE | oY |ramperatore | (oo BReAk |
- ' ‘ ' 33 JorNT |
2 _A 30 N EEAV- YTV :
3 n 24 ,';ﬂmr—'_
A 30 Josnrr
5 A 3 T
6_A 29 \jam/r' i
1A 27 JosnT :
8 A 30 QT :
2 B 28 | Jewr |
o A . 2£ s\blhl'l’.
.Y 3/ _Josnr
2 05 25 t)m‘ng"
13 A 31 Doy
% A 32 Jear

45 4
o A

2.0 2.(69 Carre: an 22,0 JOINT.

a_A 2. lel e | Coscasion JOINT

12 A 2.52a | cosnosio 28.0 _JoINT

2 A 2900, | Cissessan 2.0 do/nT

20 A 2.63a | corrasion 22,5 lwwee- %7
21 A 2.9090. 1 Cerrosom 28,5 JO/NT
22 2.6 .0 | Corrogim 27,0 JoINT

23 A 4.30 .| Corrosisa /6.5~ JornT

24 @ R 320 3)5 JOINT

25 25 2.35 0 | Corresion 32,0 JOINT ‘
2e (3 2305 § Corronion 20 _JOINT

21 R : 2.4 | Corrosson) 2820 JOINT

28 A __i %ﬂ. Corvosion 24.0 _JO/nT

29 4 - 25N ‘ 32,0 Jornr

30 7 2.8 .5 33.0 __JocnT

k] A' R TO 3/.C S 8
32 A 2550 29.5 JoNT
33 A 2.4 29, 5 \oINT
3¥_A 2.49.0. /2. 5 _Jowr |
35 A 2.5 2¢.0 doinT

30 A . A-55 o 2L 0 JornT"

31 A 2.56 o 330 JoinT

38 A R.50 .o 2.0 JonT
39 o 2.3 22.0 JOINT
Ho A 2.30 a. 2.0 _JoInT

4t A 2.-35.0 209" | Jdosr

i2 A 230 .0, /M. o JoINT

43 » R. DS o 300 DOINTT
Y4_n 2.35 -0 /6.0 JOINT™

4S_ 7 Earced = = ig"

PROJECT ENGR.- F. KEISTER




JPL CONTRACT K5-330257
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