
N 
~ ~ 

I 
i b . 

FINAL REPORT 

LA 

0 e 
c9 

ON 

MAGNETIC W I R E  STRIPPING 
AND 

CONNECTION METHOD EVALUATION 

to 

Jet Propulsion Laboratory 

6 December 1965 

Approved by : 
E. F. Smith, Manager 
Mate rials Technology Department 

Hughes Aircraft Company 
Aerospace Group 

Mate rials Technology Department 
Culver City, California 

F. 2. Keister, Hughes Project Engineer 

on 

Contract Number K5-330257 

I 

209 W H O A  A l l l 1 3 V d  

https://ntrs.nasa.gov/search.jsp?R=19660010381 2020-03-16T22:40:49+00:00Z



ABSTRACT 

L 

L 
7 

0 

:* 

The purpose of this investigation was to perform cer ta in  tes ts  

involving a variety of magnet wire types, s izes ,  and joining methods 

with the end goal being to accumulate sufficient tes t  data to establish a 

preferred technique o r  techniques for stripping insulation from fine 

magnet wires  and for  connecting these fine magnet wires  to heavier 

nickel wires.  

1485 specimens (each specimen consisting of two interconnections) 

using the following materials and techniques: 

This evaluation included the preparation and testing of 

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

#50 AWG). 

b) Three types of heavy wire insulation (Formvar ,  Isonel, and 

ML). 

Two wire stripping methods (chemical and mechanical 

st ripping). 

Four joining techniques (manual soft soldering, fusing in 

a torch flame, soft solder pot dipping a t  1000" F, and s i lver  

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. 

c )  

d) 

Testing of the magnet wire specimens included: 

a)  Electr ical  iesistance before and af ter  humidity exposure and 

temperature cycling. 

Tensile testing before and after humidity exposure and 

temperature cycling. 

Visual examination under 20X magnification before and a f t e r  

humidity exposure and temperature cycling. 

b) 

c )  

All test resul ts  were recorded on a total of 33 Raw Data Sheets. 

Since data analysis was precluded under the t e rms  of this contract, 

definite recommendations a s  to the preferred stripping and connection 

techniques could not be made. However, i t  is felt that manual soft 
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soldering appeared superior to the other joining methods and that 

chemical wire stripping w a s  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 a r e  currently many techniques for removing insulation 

f rom 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  cer ta in  elements which contribute to high rel ia-  

bility and other elements which may contribute to early failure. 

evaluation program is aimed a t  establishing the preferred technique o r  

techniques which result  in the highest reliability and leas t  spoilage. 

Improved reliability, in this respect,  will lower the incidence of failure 

due to opening of windings caused by corrosion o r  mechanical tests.  

This 

This evaluation will include the usage of: a)  three s izes  of copper 

magnet wiye (#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 a t  1000" F, and silver solder pot dipping a t  1200" F). 

This testing evaluation was accomplished under J P L  Purchase 

Order  No. K5-330257 and w a s  of 6 months duration covering the period 

from June 15, 1965 through December 11, 1965. The work accomplished 

was in accordance with JF'L Statement of Work, Test  No. 951.00-03 

dated December 9, 1964 and JPL  Exhibit 2 dated May 5, 1965. Mr.  E. 
W i l e r  was the JPL Project  Engineer on this program and Mr. F. Keister 

wds ihe Eughes Project  Engineer. 

September 13, 1965, was approved by J P L  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 i t s  original form, in Sections 2 through Section 7 of this 

final report .  

A Detailed ' l e s t  Procedure,  dated 

The tes ts  performed under this evaluation included: 

a)  Electr ical  resistance before and af ter  moisture resistance 

pe r  MIL-STD-202C, Method 103B, Test Condition A. 
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b) Electrical  resistance before and after temperature cycling 

per  MIL-STD-202C, Method 102A, Test  Condition C. 

Tensile testing before and after moisture resistance and 

temperature cycling. 
c )  

Since data analysis was precluding under the t e rms  of the contract, 

definite conclusions regarding the p r e f e r red in t e r c onne c tion methods 

could not be made. 

2 



2.  MAGNET WIRE TYPES AND JOINING METHODS 

Table I is a complete listing of the magnet wire types and s izes  

to  be used in this program. 

accordance with MIL-W-583C. 

film coating. 

The Thermaleze and Isonel wire is Class 155, Type L2. 

is Class 200, Type K2. 

These magnet wi re  types a r e  all in 

All  wires a r e  insulated with a heavy 

The Formex and Formvar  wire  is Class 105, Type T2. 

The ML wire 

Table I1 l i s t s  the magnet wire types and s izes  together with the 

five joining methods and the number of specimens. 

in each applicable block in  Table I1 will be divided into two groups. 

Group A will consist of 24 specimens joined by Operator A. 

will consist of 21 specimens joined by Operator B. 

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 wi re  fo r  t rans-  

fo rmer  and coil assemblies.  

The 45 specimens 

Group B 

Thus two operators 

Operator B is a n  inexperienced operator,  

Mag - 
net 

Wire 
Size 

(AWG) 

42 
46 
50 
42 
46 
50 

42 
46 

50 

Type of Insulation 
(heavy film) 

Formex 

Formvar  

Formvar  

Thermaleze-200 

Jsonel-200 

Is one 1 - 2 0 0 
M. L. 
M. L 
M. L. 

I 

Vendor 

Bare 
Magnet 

Wire Diam. 
(inches ) 

I 

General Electric 

Hud s on Wire 

Hudson Wire 

Phelps Dodge 

Hudson Wire 

Hudson Wire 

Hudson Wire 

Hudson Wire 

Hudson Wire 

0.0025 
0.0016 

0.0010 
0.0025 
0.0016 
0.0010 

0.0025 

0.0016 

0.0010 

Table I. Listing of magnet wire s izes  and types. 
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b - 

45 

45 

45 

~~ 

Joining Method d l 4  
2 2  
$ 6  
N 9  * *  
= k *  

45 

45 

45 

1. Mechanically s t r ip  
and soft solder using 
Ersin SAVBIT # l .  

2. Chemically s t r ip  
and soft solder using 
Er sin SAVBIT #l. 

3. Fuse in torch 
flame. 

4. Solder pot using 
Er sin SAVBIT #l. 

5. Silver solder pot 

ignet Wire 'I 

r-l 
a, 
d 
0 
m 
U 

2 
0 
In * - 

45 

45 

45 
- 

x 
2 
i 
2 
Tk 

k 

hl 

- 
45 

45 

45 

45 

45 

- 

k 

$ k 

rl: 
;t: 
9 * 
5 - 
45 

45 

45 

45 

45 

k 
Id 

5 
rl: 
2 
k 

0 m 
=k 

45 

45 

45 

45 

45 

- 

i 
2 
0 
In 
5 

45 

45 

45 

Table 11. Listing of magnet wire types and sizes,  joining 
methods, and number of specimens. 

but has been certified for soldering per  NASA Electrical  Assembly 

Specification MSFC-PROC- 158B and has been qualified and certif ied,  

for resietance microw elding. 

f 1485 specimens per Table I1 will be prepared and 

tes te  each specimen requires two interconnections, a total of 

2970 interconnections will be involved. 

Note: Ers in  SAVBIT #1 solder is essentially an alloy of 50 percent 
tin/48.6 percent lead l l .4  percent copper. 
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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 
A W C  nickel wire as shown in  Figure 1. 

will be wrapped around the nickel wi re  in an  approximate length of 1/4-  

inch. The nickel wire is 0 . 0 2 5  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 a re ,  of course, only approximate since 

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

Six turns  of the magnet wire 

NICKEL W IRE MUWET WIRE NICKEL WIRE 

& I 

wire. 
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4. DATA HANDLING 

Raw data shall be recorded on forms s imilar  to  Figure 2. A 

total of thirty-three (33) r a w  data sheets will be required to record the 

data for the 1485 specimens listed in Table 11. 

done. 
by Operator A. Specimens 9 thru 15, 24 thru 30, and 3 9  thru 45 will 

be prepared by Operator B. 

No data analysis will  be 

Specimens 1 t h ru  8, 16 thru 23, and 3 1  thru 38 will  be prepared 

JPL CONTRACT K5-330257 
WIRE TYE & SlZE JOIWING W E T W  

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

5.1 Cuttine W i r e s  to Length 

Magnet w i r e  types as follows will be precut t o  lengths of 7 1/2" 

and laid in designated trays: 

180 lengths each of #42, #46, #50 AWG Isonel and M L  magnet 

wire. 

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

Cutting of 15 extra wires in each group has been done to allow for 

spoilage during joining . 
The nickel wire wi l l  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. 

pieces will be notched with a sma l l  file in one end as  shown in Figure 3. 

The purpose of notching will be explained later.  
pieces will be kept in a separate beaker of methyl alcohol. 

Of these 3000 lengths of nickel wire, 800 

These 800 notched 

5.2 Mechanical Stripping of Magnet Wire 

Sixty lengths each of #42, #46, and #50 AWG Formvar  and ML 
Stripping of the #42 and #46 magnet wire will be manually stripped. 

AWG wire wil l  be done using 400 weight aluminum oxide cloth. 

ping of the #SO AWG wire wi l l  be done using 600 gr i t  silicon carbide 

paper. Immediately pr ior  t o  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 s t r ip  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. 

and M L  magnet shall be placed in separate t rays  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 

Strip- 

The stripped lengths of Formvar  
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Figure 3. Notched nickel wire. 

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 

S“3.1 Sixty lengthe each of #42, #46, and #50 AWG Formvar  magnet 

wire shall be chemically stripped using Lonco No. 416 Cold Wire Strip- 

per. 
wire within the bundle is adequately stripped. 

wi re  will  be stripped for a.minimum distance of 1” back from each end 

as shown in Figure 4. 

Bundles of wire may be stripped simultaneously providing each 

Each 7 1 /2 l ’  length of 

Stripping shall be done a s  follows: 

Step 1. 
temperature. 

Place stripper (Lonco No. 416) in a glass beaker at room 

10 



Step 2. Immerse one end of the magnet w i r e  to a depth of 
approximately 1" in  the s t r ipper  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 par ts  of dis- 

tilled water and isopropyl alcohol). Hold for 30 seconds. 

Step 5. 
Step 6. 

Remove and wipe dry  with a clean cloth. 

Repeat Steps 2 thru 5 for  the other end of the magnet 

wire.  

Step 7. Inspect under 20  X magnification fo r  complete insulation 

removal and place in a marked tray using care  not t o  touch the stripped 

ends with the fingers. 

5.3.2 Sixty lengths each of #42, H46, 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 f rom each end 

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

Step 1. Place #956 Stripper in  a g lass  beaker and heat to 212- 

Place a 5% solution of Fidelity Neutralizer ( 5  grams of Ncu- 225OF. 

t r a l i ee r  to 100 grams of water) in a glass beaker and heat to 100-150°F. 
Place Fidelity #958 Drying Solution in a glaee beaker a t  room tempera-  

tu re ,  

one end of the  ML magnet wire to a depth of 

hold for 3 minutes. 

Neutralizer for 30 oecondB, 
e and immerse in the Drying Solution for 10 sec- 

ond s . 
Step 5. Remove and wipe d ry  with a clean cloth to remove any 

re sidue. 

Step 6.  

Step 7. 

Repeat Steps 2 thru S for  the other end of the magnet wire. 

Inspect under 20 X magnification for complete insulation 

removal and place in a marked tray using ca re  not to  touch the stripped 

ends with the fingers. 



6. JOINING METHODS 

6. 1 Manual Soft Soldering 

In accordance with Table 11, 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 wi l l  be chemically stripped. 

identical regardless of the stripping method. 

Soft soldering techniques will  be 

6. 1. 1 Materials and Equipment: 

a) Oryx Model 6A soldering i ron (6 watts, 6 volts) with a P t ip  

(1/16" diameter). 
E r s in  Savbit Type I Mdticore Solder (No. 22 S. W. G. diam- 

e t e r ,  No. 364 flux core). 

1,1, 1 Trichloroethane per  0-T-620. 

b) 

c )  

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. 

Step 3. Place the nickel w i r e  in a fixture, such as a small v ise ,  

with the wire inclined at an angle of approximately 450 to the vertical  

and focated beneath a microscope at a magnifica-tinn cf 15x r~ixiizx~z.. 

Refer to Figure 5. 
Step 4. Place the hot tinned t ip  of the soldering i ron  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 t ip and solder f rom 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 



Figure 5. Nickel wire clamped in fixture. 

/ 

Figure 6. Manual soft soldering. 
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Figure  7. Manual soft soldering joining method. (R105890) 
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magnet w i r e  is visible. 

continuous, bright, and shiny with a feather edge. 

under 20 X magnification. 

The appearance of the solder joint should be 

Inspection shall be 

Step 6. Immerse the solder joint in a beaker of trichloroethane 

for 30 seconds o r  longer to remove flux residues. 

Step 7. 

magnet wire. 
ance with Figure 1. 

Step 8. 

Repeat Steps 2 thru 6 for the other  stripped end of the 

The final specimen should be dimensionally in  accord- 

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, i f  any 

soldered joint is unsatisfactory o r  i f  the magnet wire breaks,  that 

specimen shall be rejected and a new specimen shall be made to take 

its place. 

cause of spoilage, if known. 
specimens i n  this program, including those which a r e  joined by torch 
fusing, soft solder dipping, ,and silver solder dipping. 

A record shall be kept of all spoiled specimens with the 

This statement applies equally t o &  

6. 2 Torch Fusing 

In accordance with Table SI, 45 specimens each of unstripped 

#42, #46, and #50 AWG Formvar,  Isonel (155OC), and M L  magnet w i r e  

will be prepared by fusing in  a torch flame. 

wil l  be identical regardless  of the type and s ize  of magnet wire  
involved. 

6. 2. i . 

The method of torch fusing 

a) Henes W a t e r  Welder, Model S, with a Booster assembly, 

Variac, and #30 gage torch t ip  (0. 0030” tip orifice inside 

diameter). 

Silver solder - flux mixture prepared by mixing 5570 Handy 

Flux with 45% Easy-Flo #35 silver brazing alloy (100 mesh 

powder) by weight. 
formed. Note: Easy-Flo #35 has  a composition: Silver - 
35 percent, copper - 26 percent, zinc - 21 percent, cadmium - 
18 percent. 

b) 

Add water to the mixture until a paste is 

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. 

torch tip with a match. 

With the power switch in  the LO position, light the #30 

Step 2. Wrap one end of the unstripped magnet wire around the 

end of the nickel w i r e  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 approxib 

mately 450 to the vertical  and located beneath a microscope at a magni- 

. Refer to Figure 5. 
torch flame to the end of the nickel wise care- 

fully, keeping the torch flame in constant motion to assure  uniform 

heating. Heat the joint until the brazing alloy flows f reely over  the 

magnet wire. 

directly over the magnet wire.  

Fusing must  be done carefully to avoid playing the flame 

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 

e brushing of the flux residue will assist in its removal. 

spect the  torch brazed joint under 20 Xmagnification. 

t u r n s  of magnet wire should be completely covered with 

y with only their outline visible. The joint should have a 
bright silvery 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. 

Figure 1. 
The final specimen should be dimensionally in accordance with 

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

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

17 



F i g u r e  8. Torch fusing joining method. (Ri05889) 
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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 (155OC) magnet wire will  be prepared by 

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

net wire will - not be stripped for this joining operation. 

The mag- 

6. 3. 1 Materials and Equipment: 

a) 

b) 
c )  Handy Flux Type TEC. 
d )  Beaker of hot water. 

Dee Model 12 melting pot (300 watts). 
Ers in Savbit No. 1 solder (#14 S. W. G. ). 

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. 
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Step 2. Adjust the molten solder temperature to 990 - 1000OF. 

A thermocouple shall be used to periodically check the correctness  of 

the solder temperature. 

Step 3. Wrap one end of unstripped magnet w i r e  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  magnebwire wrap. Dipping shall be done with a straight 

up-and-down motion. 
onds for the #46 and #50 AWG Magnet wire and 4 seconds for the #42 

AWG magnet wire. See Figure 1.0 and Figure 11. 

Dwell time in the solder pot shall be 1 - 2 sec- 

Step 6. Slowly withdraw the joint f rom the solder  pot and allow 

the solder to solidify (approximately 10 seconds). 

the beaker of hot water to remove any flux residue and allow to a i r  dry. 

solder  joint should be of a bright, shiny appearance with the outline of 

The nickel wire should be 

Dip the joint into 

Step 7. Inspect the solder joint under 20 X magnification. The 

ible beneath the solder. 

er fillet should have a feather edge. 
eat Steps 3 thru 7 for the other end of the magnet 

specimen should be dimensionally in accordance with 

e 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 11, 45 specimens each of #42, #46, and 

#50 AWG Formvar  and Isonel (155OC) magnet wi re  will be prepared by 

dipping in  a solder pot filled with Easy-Flo #35 silver brazing alloy. 
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Figure 10. Soft solder pot dipping. 

21 



Figure  11. Soft so lder  pot dipping joining method. (R105891)  
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The magnet wire wil l  not be stripped for this joining operation and no 

flux wil l  be used. 
- 

6.4.1 Materials and 'Equipment: 

a )  

b)  

c )  

Dee Model I IY melting pot (400 watts). 

Easy-Flo # 3 5  silver brazing alloy. 

Dross retardant made by mixing 4 pbv Handy Flux powder 

with 1 pbv boric acid. 

6 .4 .2  Procedures: 

Step 1. 

The molten s i lver  solder temperature shall be maintained between 

Melt the Easy-Flo #35 si lver  brazing alloy in the solder 

pot. 

1200-1 250°F as  monitored by a thermocouple. 

Step 2. In order  to inhibit dross  formation on top of the molten 

s i lver  solder i t  wil l  be necessary to  occasionally sprinkle a small  

amount of Handy Flux - boric acid powder on top of the s i lver  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), 

sc rape  any dross  from the top of the molten silver solder and immedi- 

ately dip the fluxed connection into the clean s i lver  solder to a depth 
proximately 1 / 4  inch). Dipping ahall be 

-down motion. -%ell tim-e i,n_ Lbe 2 

conds (see Figure 12). 

e r  soldered joint under 20 X magnifica- 
bright gold appearance. Coverage of the 

No burning or charring of the wrapped magnet wi re  shall be complete. 

unwrapped magnet wire  shall be evident. 

Step 6. Repeat steps 3 thru 5 for  the other end of the magnet 

wire .  

F igure  1. 

The final specimen should be dimensionally in accordance with 

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

special  corrugated container so that i t  lays straight. 
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S:il-.~er solder Tot  dipping 
joining method. (R105892) 
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7. TESTING 

. 9 

Vi sua1 
Examination 

J L 

7. 1 Test  Flow Chart 

* 
Electrical 
Resistance 

J 

The prepared specimens wil l  be submitted to the tes ts  in the 

sequence shown in Figure 13. 

45 Units Each Lot 

Specimens 

Pull Test 

S pe c i me ns 

Moi s tur e 
Resistance Test 

16 - 30 

Electrical 
Resistance 

I 
Visual 

Examination 

Pull Test  0 

Visual 
Examination 

Ele c t r ical  
Resistance 

Specimens 

Temperature 
Cycling 

31 - 45 

Electrical 
Re si stance 

Visual 
Examinat ion 

I Pull Test  I 
Figure 13. F low 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 America1 Optical Illuminator Model 11 144. 

be done following initial fabrication a s  described in  Paragraphs 6. 1. 2,  

6. 2. 2, 6. 3. 2, and 6. 4. 2 and after moisture resistance testing and 

temperature cycling. 

Visual inspection wil l  

A specimen shall  be considered to have failed i f  there  is any 

corrosion evident following moisture resistance testing or tempera- 

ture  cycling o r  4.f the wire breaks at  or near  (within 1/8-inch) the t e r -  

mination during temperature cycling. 

wire the wire is abraded or  etched to a depth in excess of 1 / 5  the wire 

diameter,  it shall be considered a failure. 

If during stripping of the magnet 

7. 3 Pull Tes t  

7. 3.1 Equipmen& 

a)  Instron Tensile Tester ,  Model TTC-M1 -M4. 

b) Parallel-grip jaws. 

c) Tensile Load Cell B. 

7.  3. 2 Procedures: 

Step 1. Set up the Instron Tensile Tes te r  on the 0-100 gram 

range using a crosehesd speed of 12 inch/rninute and a chart speed of 

10 inch/minute. 

Step 2. Align the specimen in the parallel-grip jaws a s  shown in 

Figure 14. 

inch from the f ree  end. 

s t ress ing the joints. See Figure 15. 

The jaws should grab the nickel wire approximately 1 /2-1 

Alignment shall  be done carefully to avoid 

, Step 3. Apply a gradually increasing load to the specimen until 

ei ther 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 a l so  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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PARALLEL-GRIP 
UPPER JAWS 
(FIXCD POSITION) 

WIRE SPECIMEN r 
LOWER JAWS 
(MOVABLE 

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

e considered a joint failure. Failures of the magnet wire 

istance from the j6int clamped in the upper jaws. 

the two pieces of the broken specimen from the 

Instron Tensile Tester and tape them together with a suita- 

ification. 

ittal to JPL a t  the end of the program. 

Al l  specimen pieces shall be bagged and identified 

7. 4 Electrical Resistance Test 

7. 4. 1 Equipment: 

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

Four  Terminal Kelvin Connection J ig  and Model 131-401 Adapter Base. 
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Figure  15. O p e r a t o r  adjusting a length of w i re  between pxra l le l -gr ip  
jaws  of Ins t ron  Tensi le  T e s t e r  p r i o r  to applying load. 
(R102822) 

b) Weston Model 931  D. C. Mi l l iammeter .  

c )  Kepco Model SM-36-5M Voltage Reguiated 5. C. F o w e r  

Supply. 
d) Kintel  Model L U 3  Microvoi t -Ammeter .  

c )  Helipot Model "A" Variable Poten t iometer ,  0 .  570 l inear i ty ,  

7. 4. 2 P rocedures .  

m e a s u r e d  before  and a f t e r  mois ture  r e s i s t a n c e  testing and t empera tu re  

cycling pe r  F i g u r e  9. 

E lec t r i ca l  res i s tance  of all  spec imens  shal l  be 

Step 1. Se t  up electr ical .  res i s tance  measu r ing  equipment p e r  the 

schemat ic  d i ag ram shown in F i g u r e  16. 

Step 2. P l a c e  the specimen in the f ixture  ( see  F igu re  17) with the 

nickel w i r e s  in the magnet ic  connection j igs .  
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X '  = X "  5 1/2" (CONSTANT FOR ALL SPECIMENS) 

(CONSTANT FOR ALL SPECIMENS) y' = ye* ( ' 9  

F i g u r e  16.  Schemat ic  d i a g r a m  of t e s t  se t -up  fo r  making 
r e s i s t ance  m e a s u r e m e n t s  using the 
vol tmeter  -ohmmeter  method. 

F i g u r e  17. Elec t r ica l  r e s i s t ance  m e a s u r i n g  

29 
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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 vo,ltmeter. 

Step 6. Record the resistance value (in ohms) on the applicable 

With an applied current of 100 mill iamperes (0. 1 Raw DataeForm. 

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 wi l l  

be done in accordance with the conditions specified in MZL-STD-202CY 

Method 103B, Test  Condition A. 

Step 1. Load specimen in special tes t  figure as shown in Figure 

18. 
plate with the end of the nickel wire bent over the edge. 

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

The specimen shall be placed through the hole in the phenolic top 

The other end 

.----- ---:A- - I - + -  T L . . ~  -11 o-ac;-ane . = r i l l  Ln e.~e-nmdnTI frnm nnp and UtJyGL &jCIIUFi yI"'b'' I .*UO UZ-C Yy\lb*.*.Y-L" ..*.. " Y  "-"y-.*-Y- -*  Y L - -  -.A- -.-- 
with the other end hanging free.  

separated from each other and identified in accordance with the applica- 

ble hole pair. 

This tes t  fixture is designed to hold all 495 specimens at once. 

See Figure 20. All specimens a r e  

All joints are  exposed to the environmental conditions. 

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 f 2°C for  240 hours. 

polarizing voltage shall be applied. 

No 
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F i g u r e  19. Mois ture  r e s i s t ance  t e s t  f ixture  in Conrad T e m p e r a t u r e -  
Humidity Chamber .  Note tha t  all magnet  w i re  spec imens  
a r e  individually labeled and each hangs f r e e  in i t s  p a i r  
of aljgnment holes. The black tubes a r e  for  those few 
spec imens  which w e r e  sl ightly s h o r t e r  than the cii1t.i-s. 
(RlO6819) 

Step 4. At the end of 240 hours  remove  the spec imens  f rom the 

chamber  and wait  at l e a s t  4 hours a t  room a r r l b l e r i t  pyiz,r t= r r ,~ l r inn  a n i r  

e lec t r i ca l  measu remen t s .  Note and r e c o r d  any failed spec imens  on the 

applicable Raw Data Sheet.  

h - - - 2  

7. 6 T e m p e r a t u r e  Cycling T e s t  
____ 

7. 6. 1 Equipment:  

a )  

b) Despatch Oven, Model V-29 .  

C )  T e m p e r a t u r e  cycling tes t  f ixture  

Conrad Tempera tu re  Chamber ,  Model F B -  10-3-3  

3 2  



Figure 20. Moisture resistance test. 

d) Set of calibrated weights (1/2" diameter b ra s s  rods cut to 

length). 

- 7. 6. 2 Procedures.  iemperature  cyciing of all specimens shall be 

done in accordance with the conditions specified in MlL-STD-202C, 

Method 102A, Test  Condition C. 

Step 1. Load specimen in special  test fixture as shown in Figure 

21. 
plate with the end of the nickel w i r e  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 

The specimen shall be placed through the hole in the phenolic top 

any extremely high o r  low pull test values) under pull testing as 
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F i g u r e  21. T e m p e r a t u r e  cycling t e s t  f i x tu re  in Despatch Oven. 
Note that each magnet w i r e  specimen has  a weight 
a t tached and that  the weights v a r y  according to the 
type of specimen.  (R107 11 1) 

desc r ibed  in Paragrzph  7 .  3 

f r o m  the dual purpose t e s t  f ix ture  s o  that  the  weights will fa l l  into 
i ~ . ' i ~ . r i " , ~ !  --.~.~ities .Irille.-! i~ t_hp l n w e r  ? ( i j m i n l j m  giiide plate  if the 

joint  fails. 

S e e  F igu re  22. 

T h e  uppeT guide plate h a s  been removed 

Thus  a fall ing weight w i l l  not d i s t u r b  any adjacent  specimen.  

Step 2. When the f ix ture  is completely loaded with spec imens  

and all weights a r e  in p lace ,  careful ly  p lace  the  f ix ture  in the Conrad 

T e m p e r a t u r e  Chamber  at -65" C. 

Step 3 .  After  30 minutes  at -65"  C r emove  the f ixture  f rom the 

Conrad  T e m p e r a t u r e  Chamber  and hold at  room t e m p e r a t u r e  ( t25"  C)  

f o r  1 0 -  15 minutes .  

Step 4. Next place the fixture in the Despatch Oven at $125" C.  
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Temperature cycling test .  

u t e s  at +125* C remove the fixture from the 

oom temperature (t25' C )  for 10- 15 

minutes. 

Step 6. 
a total of 5 cycles), 

Step 7. 

Repeat Steps 2. through 5 for four additional cycles (i. e. , 

At the end of the fif thxycle,  carefully remove the weights 

f rom the specimens and remove the specimens from the fixture. 

any failed specimens on the applicable Raw Data Sheet with the location 
of the break (i. e .  , joint failure o r  wire failure). All failed specimens 
shall  have their halves taped together, identified, and bagged. 

Note 
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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 J e r s e y  were responsive and 

their recommended products have been evaluated. 

The London Chemical Company s t r ippers  evaluated were: 

a) Lonco Cream Stripper No. 504 

b) Lonco No. 3 1 1 1  -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 f o r  stripping high temperature insulation, such as DuPont ML, 

but since this stripper was not available at the time of the tes ts  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 a s  a 

chemical stripper for the Formex insulation. 

hazards involved with the u s e  of hydrazine as a stripper, it was decided 

not to evaluate hydrazine since other l e s s  hazardous s t r ippers  were 

avaiiabie which appeared to perform satisiactoriiy. 

In view of the safety 

The results of the chemical stripping tes t s  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 f o r  strip- 

ping ML-type insulation. 

Brief tes ts  were also conducted concerned with the solubility of 

various chemical wire strippers in commercial  solvents. 

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. 

The tes ts  

These results a r e  
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presented in Table 111. 
of the s t r ippers  (i. e. , #990 stripper) were insoluble in all solvents used 
while other s t r ippers  (i. e. 

The results varied considerably since certain 

#956 ml striDDer) were soluble in all the 
solvents. 

Chemical 
Wire 

S t r ippe r 

1) Super X-VAR 
# 622 

2) #990 stripper 

3) Lonco s t r ipper  
#3111-H 

4) Strip Var 

5) Strip-X #26-2 

6) Stripper #956 

7) Lonco cream 
wire stripper 
#504 

8) 956 ML 
s t rippe r 

9) Lonco wire 
s t r ipper  #416 

Denatured 
Ethyl 

A1 co hol 

Partially 
soluble 

Ins o lubl e 

Soluble 

Insoluble 

*Slightly 
soluble 

*S1 ig  htl y 
soluble 

*Slightly 
soluble 

Soluble 

Insoluble 

*Colloidal suspension. 

Solvent 

Ace tone 

Insoluble 

Insoluble 

Soluble 

Soluble 

Slightly 
soluble 

Soluble 

Soluble 

Soluble 

Insoluble 

Isopropyl 
Alcohol 

In solubl e 

Insoluble 

Soluble 

Insoluble 

Insoluble 

Soluble 

In s olubl e 

Soluble 

Soluble 

Water 

Insoluble 

Insoluble 

Insoluble 

Insoluble 

Insoluble 

Soluble 

Soluble 

Soluble 

Soluble 

Table 111. Test  results for  the solubility of various chemical wire 
s t r ippers  in commercial solvents. 
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8. 2 Mechanical W i r e  Stripping by Motor-Driven Strippers 

Samples of #42,' #46, and #SO AWG magnet wire with Formvar ,  

Isonel, and ML insulations were sent to three manufacturers for  s t r ip-  

ping trials with their  motor-driven brush  s t r ippers .  

The E r a s e r  Company did all stripping on their  Rush Model R-1 

Fine W i r e  Stripper using a pair  of Rush GR 640 B E V  FybRglass Stripping 

Wheels. 

and the #SO AWG Isonel-ZOO magnet wire  . 
They experienced difficulty only with the #50 AWG Formvar  

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

Stripper using L-5279 fiberglass brushes. They pointed out that the 

brushe6 had to be dressed frequently and that f rom 6-12 seconds per 

s t r ip  were required, depending on the insulation type. 

to do any of the #50 AWG magnet wire  samples without considerable 

breakage. 
*adequately. 

They were  unable 

The #42 AWG and #46 AWG specimens were stripped 

Carp-enter Manufacturing Company did their  stripping t e s t s  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. 

and #46 Isonel could be stripped using ei ther  the Grade 640 or  Grade 601 
wheel. The Grade 601 wheels, being more  abrasive, would require 

fewer passes. 

wheels. Both th  

The #42 

The #42 and #46 M L  could be stripped with the Grade601 

nd ML wires  would require more care than 

etated that the #50 wire, regardless  of the 

- a = nr'nhlem - - - - - -- - 2nd - _- - that  - _ _  - they were nnahle to con- 

1 o r  #50 ML. 

the companies contacted could consistently 

. Although all mechanical stripping during 

th i s  tes t  program was done manually using a fine gr i t  abrasive cloth, 

the spoilage with the #50 AWG magnet wire was very high and only a 

skilled operator could s t r ip  the wire cleanly without excessively weaken- 

ing the wire. 

ping where complete insulation removal was concerned. 

In no case d id  mechanical stripping equal chemical s t r ip -  
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8. 3 Visual Inspection of Magnet Wire Interconnections 

Throughout this tes t  program, each magnet wire  tes t  specimen 

was visually inspected several  t imes under 20X magnification. 

of photomicrographs at  15X magnification were taken of typical speci- 

mens  fabricated by each of the four joining methods. These photomicro- 

graphs a r e  presented in F igures  23 ,  24, 25, and 26 and serve to give 

the reader  a view of the interconnection as seen by the operator o r  

inspector. 

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. 

A se r i e s  

Each joining method is represented by two interconnections - 

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  2'4, 25, and 26. 

8. 4 Raw Data Sheets 

A total of thirty-three ( 3 3 )  Raw Data Sheets have been prepared 

recording the tes t  data for the 1485 magnet wire specimens listed in  

Table 11. 

final report. 

These Raw Data Sheets can be found in the Appendix of this 

Each Raw Data Sheet includes data for: 

Initial resistance (in ohms) 

Resistance after humidity (in ohms) 

Resistance after temperature (in ohms) 

Break force (in grams)  

Point of break 

Each data sheet includes values fo r  45 specimens of each of the nine (9)  
wire  types and s izes  and for  each of the five (5) joining methods. After 

pull testing the specimen was examined and if  the point of break w a s .  

within 1/8-inch of the joint it was recorded as a ffjointff  failure. 

the point of break was greater  than 1 /8-inch from the joint it was 

recorded a s  a flwireff failure and the distance (in inches) f rom the closest 

joint was measured and recorded. 

If 
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Figure  23. Photomicrograph a t  15X magnification 
of magnet w i re  interconnection by 
manual  soft sold e r ing  . 

Figure  24. Photomicrograph at 15X magnification 
of magnet  w i r e  interconnection by 
torch  fusing. 
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Figure  25. Photomicrograph  at 15X magnification 
of magnet w i re  interconnect ion by soft 
solder  dipping at 1000°F.  

FiqurP 2fx. f % t a m i c r o g r a p h  at 15X magnification 
of magnet wire Werconnec t ion  by 
silver g o l d e y  dipping at 1200’F. 
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After humidity testing and after temperature cycling following 

the electrical  resistance tes ts ,  each specimen was visually examined. 

If corrosion was evident at either joint, it was identified as "corrosionll 

on the data sheet. 

wire) were so delicate and weak that they were broken during handling- 

usually during loading in the tensile tester o r  in the electrical  r e s i s t -  

ance connection jig. 

a s  "broken during handling. 

ing of the rack for humidity testing o r  broke as soon a s  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. 

Certain specimens (particularly with the  #50 AWG 

These specimens were identified on the data sheets 

Other weak specimens broke during load- 

If a specimen broke during the humidity tes t  (by its own weight) 

o r  during the temperature  cycling tes t  (by the attached weight) i t  w a s  

recorded on the data sheet as tlfailed.s1 

All  specimens after pull testing (or other means of fa i lure)  were - .  
taped together, labeled, and placed in  plastic bags by separate cate-  

gories. 
Laboratory. 

with the specimen number (1 through 45) and the number of the Raw 

Data Sheet (1 through 33) .  

These specimens were delivered to the Jet  Propulsion 

The labeling of the specimens was coded in accordance 

Thus specimen 41 -23 would be specimen 

The colored tags on each specimen Data Sheet 23. 
rs. Looking a t  Raw Data Sheet 23, this 

e ra tor  B, was of W46 AWC Isonel magnet 

Specimen 23-41 failed V & C  -=. - - tAm- w---- p t  dipping. 

a ta  Sheets in the Appendix of this report  actually 

ination of the efforts under th i s  contract. Since, 

m s  of the contract, all data analysis was eliminated, these 

red a s  complete and final without summation 

or statist ical  calculations. 
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9. DISCUSSION O F  TEST RESULTS , 

9. 1 Pull  Testing of Magnet W i r e  Types and Sizes 

P r io r  to pull testing actual tes t  specimens, 12-inch lengths of 

the 9 types and s izes  of insulated magnet wire  were tensile tested. The 

strength values a r e  given in Table IV. It is interesting to note that the 

strength of the magnet wire is dependent, in par t ,  on the type of insu- 

lation coating which covers 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, 

d id  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 fro-m the joint. 

9. 2 Time Study for Various Joining Methods 

A random time study was made of the various joining methods b y  

each of the operators.  

Table V. 

required to make 5 specimens (i. e. , 10 joints -one at  each end of the 

specimen) by that particular technique. 

took the longest time and was also the most demanding of the operator. 
A s  a general rule, as the wire size decreased the time required to 

The resul ts  of this study a r e  presented in 

The numbers within the blocks represent the time (in minutes) 

Fusing with the micro torch 

. Operator E3 was also slower than 

joining methods require a minimum of 

equally as fast by either operator, Torch 
ire more  skill (and a steady hand) and 

ator is much faster.  

9. 3 Spoilage of Specimens 

A record was maintained of the number of spoiled specimens by 

each operator. 

the rows designated 

This record i s  presented in Table VI. Each block in 

(for Operator A) represents  the fabrication of 
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3 96 3 92 3 /OS 

4.Q. 8 9 . 3  AM&, 9a.o AV6. /Of .  7 

Table IV. Pull test strength data on various types 
of insulated magnet wire.  
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I I MAGNET WIRE TYPE AND SIZE 

24 specimens. 

represents  the fabrication of 21 specimens. 

blocks represent the number of specimens which were spoiled by that 

operator. 

ing methods: a) fusing with the micro torch; and b) by soft solder pot 

dipping. 

least  amount of spoilage occurred during joining by hand soldering and 

Each block in the rows designated ItBIf (for Operator B) 
The numbers within the 

It should be noted that spoilage was especially high for  join- 

This is particularly true with the #50 AWG wire sizes. The 
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JOINING METHOD 

c 

I 

2.c~LMlcAc STRbP M O  HAUD SabD€Q 

b 

f 

S. SILVER 5ocDER POT DIP (1200’F) 

MAGNET WIRE TYPE A N D  SIZE 

0 0  

o b  

5 \ I  

r ?  

2 1% 

4 s  

! I  

Table VI. Spoilage study for various joining methods. Numbers 
---:&I-:- L l - - l - -  -a_.... ”A...+ -..-La* =f h - C \ ; l P A  c r \ n r ; m a n c  
W 1 C L I L l L  LJLUL.RP & G r i G U c I A I L  I L U I A A U b A  ‘y’**”u - V y u  - *.*.”.*- 
by Operators  A and B. 

those specimens which were spoiled were by Operator B (the inexperi- 

enced operator). 

considered a s  inexperienced for joining methods by torch fusing, soft 

solder dipping, and silver solder dipping, since neither operator had 

ever  used these joining techniques before. 

F o r  all practical purposes - both operators could be 
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The pr imary  reasons for spoilage were as follows: 

Hand Soldering - Incomplete stripping of the magnet wire. 

Torch Fusing - Burning of the magnet wire with the torch 

flame a n d  non-wetting of the silver solder -flux mixture 

with the magnet wire and gold plated nickel wire. 

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. 

due to t h e  magnet wire sliding up the nickel wire during the 

dipping operation. 

Silver Solder Pot Dipping - Spoilage occurred for the same 

reasons as with the soft solder pot dipping technique. 

Spoilage also occurred 

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

normal handling operations because of t h e  fragility of this wire size. 

9. 4 Electrical  Resistance Aging Tes t s  

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 a t  room ambient conditions for 3 0  days. 

The electrical  resistance of these specimens was measured before and 

after aging to see if there was any significant change. 

are reported in Table VII. 

randomly and that no - significant change has occurred. 

These values 

It appears that the resis tance changes vary 

These values can then be compared with the corresponding electr i  

cai  resistance vaiueti d ie i  tei-i;peraturc cyclicg f5und C?T? P-ZW D a t ~  Sheets 

8, 17, and 32. This comparison will establish whether any change in 

resistance af ter  temperature cycling is due to the temperature cycling 

environment or  due to normal aging. Although a statist ical  analysis of 

these resul ts  must be done to establish a f i rm  conclusion, a cursory  

glance at the test values seems to show that the resistance changes 

after temperature cycling a re ,  in general, higher than one would expect 

due to normal aging alone. 

- 

49 



I I I I 1 

1 
Table VIII. Electrical resistance before and after aging. 
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9. 5 Discussion of Test  Results on Raw Data Sheets 

Unfortunately, under the te rms  of the contract, all data analysis 

Without a statistical analysis of the data (e. g., calcu- was precluded. 
lations of the means, standard deviations, confidence intervals, etc. ) 

and without a comparison of the summary calculations by means of 
curves o r  histograms, i t  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 i s  noted that during pull testing, the vast majority of specimens failed 

at  the joint rather than failing by separation of the magnet wire a t  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. 

more  evident after moisture resistance testing than after temperature 

cycling. 
suspended weight) was more prevalent with those specimens prepared 

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

Corrosion was 

Specimen failure during temperature cycling (by virtue of the 

An examination of the breaking force data reveals that the strongest 

joints a r e  those prepared by hand soldering chemically stripped magnet 

wire and the weakest joints a r e  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 stripped. Chemical s t r ippers  are avoided by many 

companies due to ebe potentiai corrosion nazarci resuiting from residues 

not completely neutralized o r  removed. 
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10. CONCLUSIONS 

Although the preclusion of any data analysis prevents any definite 
rred magnet wire  connec- 

s superior to the other 

conclusions regarding the se 

tion technique, i t  is felt that 

methods evaluated. Hand soldering has  these advantages: 

a)  Minimum amount of spoilage. 

b) 
c )  Low resistance connections. 

d )  High joint strength. 

e )  

Joints can be made quickly. 

Minim,um of corrosion af ter  humidity and temperature 

c yc 1 ing . 
If all residues can be neutralized o r  removed, it is felt that - 

chemical wire stripping is superior to mechanical wire stripping 

(i. e . ,  b y  manual abrasion methods). Chemical wire stripping has the 

disadvantage of a potential corrosion hazard but i t  a lso 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 t h e  scope of this program, two other magnet 

wire  joining techniques have been studied and show a certain amount of 

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

r magnet wire to nickel wire without stripping the wire  and 

the use of fluxes. Resistance welding has  a l so  been used to join 

#42 and #50 AWG Formvar  and Thermaleze magnet wire to gold plated 

nickel wire in less than 0.4 second without removing 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 1. LISTING O F  ENVIRONMENTAL AND 
ELECTRICAL TEST EQUIPMENT 



Equipment Type and Usage 

1. 

2. 

3. 

4 .  

5. 

6. 

7. 

Temperature - Humidity 
chamber used for 
moisture resistance test 

Temperature chamber 
used for -65" C 
temperature during 
temperature cycling 

Oven used for t 125' C 
temperature during 
temperature cycling 

Microvolt - Ammeter 
used for voltage 
measurements 

DC milliammeter 
used for current 
measurements 

Voltage regulated DC 
power supply used i n  
making ebctrical 
resistance measurementi 

Tensile tester used for  
pull strength tests 

danufacturer 

Conrad 

Conrad 

Despatch 

Kintel 

Weston 

Kepco 

Instron 

Model 
Number 

FD-8- 1 

FB-10-3-3 

V-29 

20 3 

93 1 

SM-3 6 - 5M 

TTC- MI - M4 

Serial 
Number 

7254 

7302 

52771 

3639 

35045 

C-28793 

34 1 

Date of 
Latest 

Calibration 

10-12-65 

9- 23-65 

9- 24 - 6 5 

10-15-65 

11-5-65 

AS 
required 

10 -25- 65 

Next 
Calibration 

Due 

1-12-66 

12- 23 -65 

12-23-65 

2-15-66 

3-8-66 

AS 
required 

4-22-66 

Personnel 
Assigned to 
Measurement 

D.L. Teter 

F.Z. Keister 

F.Z. Keister 

R.C. Browne 

R.C. Browne 

R.C. Browne 

J.C. Cowan 
and 
M.E. Keegan 

A- 1 



APPENDIX 2. CALCULATION O F  WEIGHTS USED IN THE 
TEMPERATURE CYCLING TESTS 

I -  

& 



I 



APPENDIX 3. RAW DATA SHEETS (No. 1 THROUGH No. 33) 



a 3PL CONTRACT K5-330257 Me Am t i a \\ 7 sb, $ 
WIRE TYPE & SIZE-42 Farme 301WING METHOD anA h % u e r  

PRoJtCT ENQR: f. kE\ST€U 



JPL CONTRACT K5-330257 
WRE TYPE & SIZE, 4 G  Forwww JOINING METHOD 



3PL CONTRACT K5-330257 
WRE TYPE h SIZE, 50 F ~ v m v a r  301NING METHOD 

PROJECT LNQR.- f. kEISTER 



I JPL CONTRACT K5-330257 .. . @ 

I 

I 

WIRE TYPE 4, SlZE, 4 2  )JIL 301NING METHOD 



, 





0 
C b m k a  \iy 5tri p JPL CONTRACT K5-330257 

WlRE TYPE & SIZE, 4 3  F o r m e x  . JOINING METHOD-A hanA c a L k v  



I . .-. 1 I 
I 

Y A  I 
S A  



J P t  CONTRACT K5-330257 





WlRE TYPE 8, SIZE 4 b  ML JOINING METWO a d  h* 



3PL CONTRACT K5-330257 chcml ta \ \ j  strtya 

WIRE TYPE & SIZE., SO ML JOINING METHOD h * A  s . \ $ t r  



3PL CONTRACT KS-330257 0 
WIRE TYPE 8, SIZE, 42  %m,kze JOINING METHOD Tonh fure 



JPL CONTRACT K5-330257 



i 

JPL CONTRACT K5-330257 



JPL CONTRACT K5-330257 

PROJECT ENOR. - f. KEISTER 



JPL CONTRACT K5-330257 @. i 



JPL CONTRACT K5-330257 
WIRE TYPE 6 SlZE 50 F0yyn";rr JOINING METHOD,&, 

PROJECT ENC~R.- f. kEST€.R 



JPL CONTRACT K5-330257 
WIRE TYPE 4, SIZE 4 2  ML JOINING' METHOD Tkh f k c  

Y A  I I I I 74 
5 4 , 1 

1 9  I I I 64 
8 4  4 L  

. 



JPL CONTRACT K5-330257 @ 
WlRE TYPE & SIZE 4-h )I(L JOINING METHOD Thush 

PRO 4LC-T ENQR, - f. kEkSTER 



3PL CONTRACT K5-330257 
WIRE TYPE & SIZE 5 6  ML JOINING METHOD T k h  

7 4  I I 
8 

t A 

PROJECT ENOR: f. kEl5T€R 



JPL CONTRACT K5-33025 7 



3PL CONTRACT K5-330257 

PROJ€CT ENQR.- F. kcE\St€R 



3PL CONTRACT K5-330257 

PAoJEcl ENOR.- P. kElSTLR 



3PL CONTRACT K5-330257 
WIRE TYPE h SIZE 42 forme 1 



JPL CONTRACT K5-330257 @. 

PRoJ€Cf EN6R.- f. kEIS7LR 



3PL CONTRACT K5-330257 

I 36 A' 

US A 

- 
BRhAK POINT QF P~SISTAN CE 

BRGAK AFTGR 'FORCE 
TEWPhRhTURE 

a 

b.75 h 

CII * E C t n t  A- 
s. 5 I 

PROJECT ENCIR: F. kE1STCR 



JPL CONTRACT K5-330257 



JPL CONTRACT K5-336257 



* 

I -  

, 



JPL CONTRACT K5-330257 

PROJECT EM(rR.- f. k€ISTLR 



JPL CONTRACT K5-330257 
JOINING METHOD- ,lip 



JPL CONTRACT KS-33aZS7 

PRO JEcT ENCIR. - P. kEl5lLR 


