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Abstract  
The author would like to bring to light more than 80 years old technique in glove testing which is 
still new in some parts of the world, and it is testing rubber gloves with direct current instead of 
alternating current. The author also wishes to pay tribute in memoriam to Fredd von Herrmann 
(1946-2021), who dedicated his entire working life to the development and preservation of DC test 
methods in electrical engineering industry for future generations. The technique was first published 
on July 15, 1939, in Electrical World magazine by R. W. Chadbourn and W. H. Meade, Jr. 
from Boston Edison Laboratory. The intent of this paper is to outline the routine rubber glove test 
accepted and followed by Boston Edison Company more than 80 years ago which influenced later 
the standardization process on the American continent, but recently, with the arrival of electric cars 
and the expansion of DC distribution and transmission networks, it is beginning to influence the 
discussion in IEC and CENELEC standardization process as well. 
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I. INTRODUCTION 
 
Boston Edison Company for years emphasized strict and careful visual inspection of class 1 
rubber gloves before the final 10 kV AC test. However, the main reliance on visual inspection 
has many disadvantages. The more serious disadvantages are:  

- Visual inspection is extremely tiring, and it is impossible for a man to continuously 
maintain a uniform standard of judgment. 

- Defects could not be satisfactorily classified as major and minor or harmful physical 
irregularities and non-harmful physical irregularities in today's standardisation 
vocabulary.  

 
Many gloves have been continuously rejected from service for all visible defects, major and 
minor. The percentage of rejection was unusually high, over 25%. It was recognized that 
many of the gloves rejected would have been acceptable for further service. 
It has also been recognised that routine periodic dielectric test of 10 kV AC is not in itself a 
completely satisfactory check on the condition of linemen´s rubber gloves. Boston Edison 
Company exclusively used Class 1 rubber gloves and made leakage current measurement at 
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10 kV AC. But they consider that this test provides very little, if any, indication of localized 
excessive leakage. What is really being measured is a combination of charging capacitance 
current IC and leakage current IL Fig.1 [2].  

                                                                          

 
 
 

 
 
 
 
 
 
 
 
 
 
 

 

Fig. 1. Approximate relationship between charging/ 
capacitance and leakage components 

 in measured current of rubber gloves at 10 kV AC 

 
It will be noted in Fig. 1 that if true leakage current IL was doubled, very little increase 

would occur in the resultant (measured) current IM. 
Experience from testing other rubber products, mainly elastic rubber-insulated cables, had 

shown that DC high voltage is more effective in picking out incipient faults than AC high 
voltage. 

Rubber insulated cable having an excentric conductor had been subjected to AC dielectric 
breakdown test and failure has occurred through the thickest part of the insulation. This fact 
has been confirmed by rubber-insulated cable manufacturers and independent laboratories. 

It was thought that the use of high voltage DC for testing rubber gloves might be so 
successful in picking out incipient weaknesses in the gloves that some of those being 
condemned or rejected by visual inspection for minor defects could be returned for further 
service without decrease of safety factor. 

 
II. DC TEST METHOD DEVELOPMENT 
 
Tests serie I 
For a preliminary investigation several gloves were selected from a large group of gloves 
condemned by visual inspection. From these were excluded gloves having very glaring faults. 
First step – Subjecting of remaining 36 gloves to dielectric 10kV high voltage AC test. 
Second step – Raising the voltage slowly to breakdown. 
 
The results are shown in Table I.  
 
 
 
 

IM Measured current 

IC Capacitance current 

IL Leakage current 

IM´ Resultant measured current if 

the leakage current is doubled
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TABLE I 

 Breakdown voltage kV (60 
Hz) 

Failure 
location 

Notes 

Glove no.3494 21,5 kV Thumb Through defect 

Glove no.3581 28,5 kV 1st finger Through defect 

6 gloves 28,5 kV to 37,5 kV  Flashover 

28 gloves 22,5 kV to 36 kV  Not at defect 

 
Out of 36 gloves subjected to the test only two failures were obtained through defects for 

which they had been condemned by visual inspection. 
6 of the other gloves flashed over and 28 failed through some spot where no defect was 

noticeable.  
It was concluded that AC high voltage tests regardless of the magnitude of applied voltage, 

are of little value in locating moderate mechanical defects in rubber gloves. 
 

Test serie II  
The next investigation was to make a similar set of tests using DC high voltage instead of AC 
and raising the DC high voltage to breakdown. 
In this series 11 gloves that had been condemned by visual inspection were tested. The results 
of this set of tests are shown in Table II. 
 
TABLE II 

 Breakdown voltage kV 
(DC) 

Failure location Notes 

Glove no.757 40 kV  Flashover 

8 gloves 36 - 40 kV  Through defect 

Glove no.2941 34 kV 2nd finger Not at defect  

Glove no.3900 25 kV 2nd finger Not at defect 

 
Ten of eleven gloves failed and all but two of ten failed through the defects for which they 
were condemned on physical inspection. 

 
Test serie III 
The suggestive results obtained on this preliminary test prompted another series of tests of 
similar nature. In these tests, the water levels were lowered to increase the flashover voltage 
of the gloves. The results of these tests, given in Table III, were similar to those in the 
previous set. 24 gloves were tested. The failures obtained occurred through the defect for 

which they had been condemned.  
 
TABLE III 

 Breakdown voltage kV DC Class of 
defect 

Notes 

Glove no.870 54 kV Major Flashover 

Glove no.1042 19 kV Minor Through defect 

4 gloves 33 - 52 kV Major Through defect 

1 glove 52 kV Minor Through defect  

2 gloves 53-54 kV Major Flashover 

15 gloves 49-55 kV Minor Flashover 
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An interesting point in these tests. Glove no. 870, which was condemned for what was 
considered a major defect, flashed over at 54 kV, while glove No.1042, which was condemned 
for what was considered a minor defect, punctured at 19 kV, an abnormally low voltage. This 
strongly demonstrates the great difficulty distinguishing between major and minor defects by 
visual inspection. 

 
Tests serie IV 
The gloves that flashed over in the Test series III were then subjected to a long-term test. 25 
kV high voltage DC were applied for 5 minutes, and the voltage was increased 5kV every 5 
minutes until breakdown occurred. The results are shown in Table IV. 
 
TABLE IV 

Glove 
No. 

Breakdown 
voltage kV 

(DC) 

Notes Thickness in 
mm at 

dielectric test 
failure 

 Thickness in 
mm at defect 

condemned by 
visual 

inspection 

870 30 kV at 4:25 Not at defect 0,927  < 1,181  

1277 40 kV at 1:02 Not at defect 1,130  < 1,194  

1624 40 kV at 1:10 Not at defect 1,143  < 1,207  

1695 40 kV at 1:14 Not at defect 0,724  < 1,194  

2400 40 kV at 4:18 Not at defect 1,168  < 1,308 

2835 45 kV at 2:47 Not at defect -
Cuff 

   

3069  Flashover    

3091 35 kV at 2:42 Not at defect 0,991  < 1,257  

3143 50 kV at 0:28 Not at defect 1,029  < 1,270  

3179 45 kV at 0:09 Through 
defect 

  1,080  

3498  Flashover    

3745 50 kV at 0:37 Through 
defect 

  1,029 

3908  Flashover   1,130 

9562 40 kV at 0:45 Not at defect 0,889  < 1,219  

9805 25 kV at 1:07 Not at defect 1,080  < 1,651 

A 50 kV at 1:40 New glove    

B 50 kV at 0:44 New glove    

 
The results of these were surprising or mystifying. The only two gloves failed due to the 

defects for which they were condemned.  To explain this, measurements of glove thickness 
were made in the vicinity of the defect (condemned by visual inspection) and in the vicinity 
of the failure (breakdown high voltage DC test). In every case, the rubber thickness near the 
point of failure was less than that in the vicinity of the defect condemned by visual inspection. 
In some cases, the difference was slight, but it was always in the same direction. 

It is also interesting to note that the rubber thickness in the vicinity of the failures of the 
two gloves that failed through the defect was somewhat thinner than that near defects in any 
of the other gloves. 

The rubber thickness of these two gloves at the point of failure is of the same order as 
the thickness of the other gloves at the point of failure. 



Tomas Gibala 

 

26 

Tests serie V 
The next step in the investigation of the high voltage DC test was to make short time repeated 
breakdown tests on several gloves condemned by visual inspection until failure occurred or 
until 10 applications had been completed. 
A two-minute rest was allowed between applications of 50 kV DC. The voltage was applied 
from 0 to the full 50 kV value. 
The results are in Table V.  
 
TABLE V 
 

Glove 
No. 

Breakdown 
voltage kV 

(DC) 

No. of complete 
cycles 50 kV DC 

Class of 
defect 

Notes 

43-4 48 2 Minor Not at defect 

56-1 50 8 Minor Not at defect 

1498 50 4 Major Through defect 

1660  10 Minor Withstood 10 cycles 

1889 48 1 Minor Through defect 

2754 50 4 Minor Not at defect 

2908 50 0 Minor Not at defect 

3891 30 0 Major Through defect 

4144  10 Minor Withstood 10 cycles 

4173 50 2 Minor Not at defect 

4365 50 5 Major Through defect 

4367  10 Minor Withstood 10 cycles 

9237 45 2 Minor Not at defect 

9784 50 6 Minor Not at defect 

 
The interesting point in these results is the fact that 3 gloves rejected by visual inspection 

for having major defects all failed through these spots, while 11 gloves condemned to have 
minor defects, 7 failed through other spots, 1 failed through the minor defect and 3 did not 
fail. 

The gloves which did not fail on this test were subjected to long-time DC high voltage 
tests by applying 30 kV for 5 minutes and increasing the voltage 5kV every 5 minutes until 
breakdown occurred. Without exception, the gloves failed eventually at some spot other than 
that for which they were condemned. 

 

III. ROUTINE TESTS 
 
The results obtained in the foregoing investigation prompted Boston Edison Company to 
transfer its attention to routine periodical testing of rubber gloves. Four different routine tests 
were followed in the remainder of the investigation. They are outlined below. 
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Routine test #1 and #2 
 
TABLE VI 

 Routine test # 1 Routine  test # 2 

No. of defected gloves 
tested 

390 427 

Step 1 Rigid visual inspection – 
location and magnitude of 
defect noted 

Rigid visual inspection – 
location and magnitude of 
defect noted 

Step 2 DC HV Test 
Voltage increase 5kV/1s 
Leakage measurement at 30 
kV 
Voltage increased  until 45 
kV. Held for 1 minute and 
then removed 

AC HV Test (10 kV/1 min.) 
Leakage measurement at 10 
kV 

Step 3 AC HV Test (10 kV/1 
min.) 
Leakage measurement at 10 
kV 

DC HV Test 
Voltage increase 5kV/1s 
Leakage measurement at 30 
kV 
Voltage increased  until 45 
kV. Held for 1 minute and 
then removed 

No.of gloves with major 
defect 

133  

No.of gloves with minor 
defect 

257  

 DC breakdowns in 
gloves with major defect 

58  

DC breakdowns in gloves 
with minor defect 

30  

Total of DC breakdowns 88 55 

% breakdowns of total 
tested 

22,6  

DC failures through 
defect 

68 47 

DC failures through spot 
other than defect 

20 8 

AC failures 0 30 

AC failures through 
defect 

 18 
(16 at 6kV or less, 2 above 6 

kV) 

AC failures through spot 
other than defect 

 12 

DC breakdowns with 
major defect above the 
water line 

32  
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DC breakdowns with 
minor defect above the 
water line 

24  

DC breakdowns with 
major defect below the 
water line 

26  

DC breakdowns with 
minor defect below the 
water line 

6  

  
Discussion of the routine test # 1 results 

The large number of breakdowns during HV DC tests occured through defects above the 
water line shows that the cuffs, although not immersed in the water, are subjected to an 
effective test, apparently of sufficient magnitude to eliminate any existing hazard. 

The fact that no gloves failed on the HV AC test is highly significant as indicating that 
DC test had already eliminated gloves which would otherwise have failed on this test. 

The gloves which had been previously condemned for minor defects and which withstood 
both tests were returned to service. 

Discussion of  the routine test # 2 results 
18 gloves from 30 gloves which failed on the AC test broke down through the defect for 

which they have been condemned. These results were somehow contrary to results previously 
obtained in this type of test. Closer analysis of the results showed that with two exceptions, 
all of the failures through defect did so at voltages 6kV or less. The failures that occurred at 
voltages more than 6kV did so at points other than defects for which they were condemned. 

55 gloves, which had been subjected to a 10 kV AC test, failed on the DC test. 47 of these 
gloves failed due to a defect for which they were condemned. This result indicated that the 
DC test will pick up the flaws in gloves which are not detected by the AC test. 

 

Routine test # 3 
 
TABLE VII 
 

Routine test  # 3 

 Part A Part B 

No. of gloves tested 1987 
 

931 

Step 1 

Rigid/critical visual 
inspection Gloves with 
major defect– condemned  
Gloves with minor defects 
or without defects were 
tested as follows 

 Short/brief or hurried 
visual inspection  
Gloves with a major defect–
in most cases with holes 
entirely through gloves  
condemned. All others tested 
as follows 
 

Step 2 
AC HV Test (10 kV/1 min.) 
Leakage measurement at 10 
kV 

AC HV Test (10 kV/1 min.) 
Leakage measurement at 10 
kV 

Step 3 
DC HV Test 
Voltage increase 5kV/1s 

DC HV Test 
Voltage increase 5kV/1s 



An Over-80-Year-Old Technique 

 

29 

Leakage measurement at 30 
kV 
Voltage increased until 45 
kV. Held for 1 minute and 
then removed 

Leakage measurement at 30 
kV 
Voltage increased until 45 
kV. Held for 1 minute and 
then removed 

No. of gloves 
condemned by visual 
inspection 

289 71 

No.of gloves 
condemned by AC test 

11 25 

No. of gloves 
condemned by DC test 

53 56 

Total number of 
condemned gloves 

353 152 

Number of gloves 
returned to the service 

1634 779 

% condemned of total 
submitted  

17,8 16,4 

% returned to service 82,2 
 

83,6 

% condemned by visual 
inspection 

14,5 7,62 

% condemned by AC 
test 

0,6 2,68 

% condemned by DC 
test 

2,7 6,02 

 
Discussion of the routine test # 3 results 
It is interesting that the net percentages of gloves condemned by both methods are suprisingly 
close. In part A, the percentage condemned by visual inspection was high, while the 
percentage condemned by the high voltage tests was relatively low. In part B, the percentage 
condemned by inspection was considerably reduced, due to the speed up of the inspection, 
but the percentage condemned by the voltage tests were corespondingly increased. 

 
Routine test # 4 
 
TABLE VIII 

Routine test # 4 

No. of gloves tested 5823 
 

Step 1 

Rigid/critical visual inspection.  Gloves with a 
major defect are condemned. 
Gloves with minor defects or without defects were 
tested as follows: 

Step 2 

DC HV Test 
Voltage increase 5kV/1s 
Leakage measurement at 30 kV 
Voltage increased until 45 kV. Held for 1 minute 
and then removed 
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Step 3 
AC HV Test (10 kV/1 min.) 
Leakage measurement at 10 kV 

No. of gloves condemned by visual 
inspection 

595 

No. of gloves condemned by DC 
test 

325 

No. of gloves condemned by AC 
test 

2 

Total number of condemned 
gloves 

922 

Number of gloves returned to the 
service 

4902 

% condemned of total submitted  15,8 

% returned to service 84,17 

% condemned by visual inspection 10,2 

% condemned by DC test 5,6 

% condemned by AC test 0,03 

 

Discussion of the routine test # 4 results 
227 gloves from 325 which failed on HV DC test failed through the defects which were 

obvious on inspection after failure. 
98 gloves failed through the defects which were not obvious on inspection after failure. 
84 failures occurred on the cuffs of the gloves. 
On the two gloves which failed on the AC test no visible signs of any defects were found. 

One of the gloves punctured at 10 kV AC and the other at 7,5 kV AC. 
 

IV. PINHOLE LOCATING IN CLASS 00 & CLASS 0 RUBBER GLOVES 

BY AC AND DC HIGH VOLTAGE 
 
Almost exactly 80 years after Boston Edison Company introduced DC high voltage routine 
test for rubber gloves, Mr. Fredd Von Herrmann, owner of the VON Corporation Co., 
Birmingham, Alabama conducted between years 2018 and 2019 in his facility high voltage 
experimental tests for pin hole detection in rubber gloves class 0 and class 00 by AC and DC 
high voltage. These tests have been prompted because test equipment operators have 
anecdotally reported finding small pin holes in low voltage gloves during visual inspection, 
after the glove had passed the AC electrical test. The tests were performed by Fredd H. von 
Herrmann for the ASTM F18.25 April 2018 meeting using a VON NSY04 glove tester to 
determine if such results could be reproduced with an artificially created pin hole. 

Below I present his report, as he gave it to me at the beginning of 2019. I did not change 
anything in the transcription except for the distance data, which I changed from the imperial 
system in inches to the metric system in mm. 

A quilting needle with a 3,81 mm (.015”) diameter was chosen for testing. The area chosen 
for the puncture was marked with a sharpie about 76,2 mm (3”) from the cuff on the back 
side of the glove. This location was chosen to put the pinhole below the water line during 
testing. One test was also run with the defect in the palm of the hand for comparison. 

To consistently push the needle, the same distance into a glove, the open hand end of the 
glove was placed over a smooth 25,4 mm (1”) aluminum rod. With a marked area of the dry 
rubber glove tight against the inside metal rod, the needle was pushed into the rubber until it 
hit the metal Fig. 2. 
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    Fig. 2. Making a pinhole by quilting needle 
                                                                                                 Fig. 3. Glove loaded in glove tester 

 

Test results on locating pinholes in Class 00 and 0 glove 

• Seven tests were run on class 0 gloves with puncture using current standard test 
voltages and 3 
minute tests.  

•  5 tests were run with the defect 76,2 mm (3”) from the cuff, with an AC test first, 
and a DC test second.  

•  One test was run with a defect in the palm, AC test first, DC test second.  

• One test was run with the defect 76,2 mm (3”) from the cuff, DC Only. 
 

Test #1  
Class 0 glove passed 3-minute 5kV AC test. Then the 20kV DC test started and the glove 
failed in the puncture at 11kV as the voltage was rising. 
 

Test #2  
Class 0 glove passed 3-minute 5kV AC test. Then the 20kV DC test started and glove failed 
in the puncture the instant the test voltage reached 20kV. 
 

Test #3 
Class 0 glove passed the 3-minute 5kV AC test. Then the 20kV DC test started and the glove 
failed in the puncture at 11kV as the voltage was rising. 
 

Test #4  
Class 0 glove passed the 3-minute 5kV AC test. Then the 20kV DC test started and the glove 
failed in the puncture at 16kV as the voltage was rising. 
 

Test #5  
Class 0 glove passed the 3-minute 5kV AC test. Then the 20kV DC test started and the glove 
failed in the puncture at 14.3kV as the voltage was rising. 
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Test #6  
The test was run with defect in the palm of the hand. 
Class 0 glove passed the 3-minute 5kV AC test. Then the 20kV DC test started and the glove 
failed in the puncture at 13.2kV as the voltage was rising.  
The test indicates the results are the same whether the puncture is in the cuff area or the 
working area. 
 

Test #7 
The test was run with the defect in the cuff area, with DC only. 
Class 0 glove failed in the puncture at 14.4kV DC as the voltage was rising for the 20kV DC 
test.  
The DC test failures in the marked puncture following the AC tests confirmed that the gloves 
had been punctured with the needle.  
Test #7 indicates the initial AC test does not significantly affect the DC voltage required to 
detect the puncture. 

 
Tests were run to evaluate whether running the standard 5kV AC test multiple times would 
locate a puncture of this type. 
Class 0 glove with pin hole in cuff area as described above passed ten (10) 3 minutes 5kV AC 
tests over a two-hour time span. Then the 20kV DC test started and the glove failed in the 
puncture at 8.3kV as the voltage was rising. 
Multiple AC tests on one glove indicates increasing test time does not locate the puncture. 

  
Tests were run at voltages higher than listed in D120 to determine if higher test voltages 
would locate the puncture.  
Tested 4 gloves with a standard 3-minute time period. Defects were placed in the cuff area as 
described above. 
 
1. Class 0 glove passed 3-minute 5kV AC test, then 3-minute 6kV AC test, then 3-minute 7kV 
AC test, then 3-minute 8kV AC test, then 3-minute 9 kV AC test and finally 3-minute 10kV 
test. Stopped increasing AC test voltage.  
Changed over to standard 20kV DC test and glove failed in puncture at 16kV as the voltage 
was rising. 
2. Class 0 glove failed in the puncture at 9kV AC as voltage was rising to 10kV AC set point. 
3. Class 0 glove reached 10kV AC and failed in the puncture before reaching 3 minutes. 
4. Class 0 glove passed 3-minute 10kV AC test. Changed to standard 20kV DC test and glove 
failed in the puncture the instant it reached 20kV. 
Tests indicate a voltage of 4kV higher than the D120 6kV AC breakdown test did not reliably 
locate the puncture. 

 
One class 00 glove was tested due to limited supply. Pinhole puncture was made with needle. 
Class 00 glove passed 3 minute 2.5kV AC test. Then the 10kV DC test started and the glove 
failed in the puncture at 6.7kV as the voltage was rising. 

 
Two tests were run to compare results of a pinhole created as described in class 2 gloves. 
Test #1 Class 2 glove failed in the puncture at 13kV AC as the voltage was rising for the 20kV 
AC test. 
Test #2 Class 2 glove failed in the puncture at 15kV AC as the voltage was rising for the 20kV 
AC test. 
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Tests indicate that the standard class 2 test voltage will detect a small pinhole. 
 
Conclusion 
A pinhole in a glove cannot be consistently detected by the Class 00 and 0 AC voltage 
electrical tests currently specified in ASTM D120 and F496. This includes the manufacturer’s 
withstand-voltage test. 
Test results indicate that the AC test voltage level required to reliably detect pinholes in class 
0 gloves is greater than 10 kV AC.  
AC Voltage has been shown to increase the size of the natural flaws in rubber during the test 
cycle. Test results imply that a natural flaw in the rubber could grow into a pinhole during a 
test cycle, which would not result in a failure indication under the current AC voltage levels. 
 

V. CONCLUSIONS 
 
The results of tests using high voltage DC convinced the Boston Edison Company already at 
the end of the 1930s that using direct current for making high voltage tests on rubber gloves 
would be a step in the right direction, since defects which present even the slightest actual 
hazard will be picked out whether the hazards are visible or invisible. 

Moreover, the application of high-voltage DC does not damage gloves that are free of 
defects. Damage to the ozone of gloves under test is eliminated, since very little, if any, ozone 
is generated during DC high voltage tests. 

The conclusions drawn from the Boston Edison company research project were as 
follows: 

1. AC proof voltage test on rubber gloves is of little value in locating defects, which 
after all, is the purpose of the test. 

2. AC leakage current measurements are of value only as quality control test and 
accomplish very little in picking out defective gloves. They are, however, important 
on new gloves to determine if compounds having proper dielectric characteristics 
are being used. 

3. DC high voltage tests will pick out defective gloves and the amount of potential 
applied determines the degree of defect to be eliminated. 

4. DC high voltage testing of rubber gloves is preferable to a critical visual inspection 
of the gloves for routine purposes, because it will provide a more uniform and 
therefore safer inspection equivalent. 

5. DC high voltage testing is more economical than a visual inspection of equivalent 
severity. 

6. After adoption of routine DC test, the value of continuing standard AC test 
becomes questionable. 
 

Experimental high voltage tests made by Mr. Fredd Von Herrmann for pin hole detection 
in class 0 & class 00 rubber gloves by AC and DC high voltage in 2018 confirmed that DC 
test voltages according to current ASTM D 120 and F496 for those voltage levels are set well 
and will find hidden flaws in the gloves during routine dielectric test. 
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