
SERVICE MANUAL 
DP-14 POLARIZED RELAYS 

********************* 

Supplemental Service Sp~cifications: 
SU-2378A - Relays with High Voltage Neutral Contacts. 
SU-23788 - Quick Acting Relays. 
SU-2378C - Slow Release Relays. 
SU-23780 - Ordinary Acting Relays for Low Voltage 

Switd1 & Lock Movement Control. 
SU-2378E - Slow Acting Relays for Low Voltage Switch 

and Lock Movement Control. 
SU-2378F - Polarized Track Relays with Polar Contacts 

for Polar Cut Section Service. 
SC-2378G - DP-14 Polar Relays. (No Neutral Contacts). 

************************* 

2378 

This service specification covers the necessary information for the adjust
ment and calibration of DP-14 ordinary-acting polarized relays equipped with 
low voltage contacts. 
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Ordinarily in repairing DP-14 relays it will not be necessary to replace the 
neutral cores and pole pieces as these are made of non-aging magnetic material. 

There may be occasion, due to accidental breakage, . to replace cores pr · 
pole pieces, in which case we recommend that complete core assemblfes be 
ordered in pairs so that the pole faces can be properly ground to size in our 
shop, thereby facilitating repairs. 

When assembled to the top plate together with the permanent magnet, it is 
necessary that the core ends as well as the top of the permanent magnet be 
ground to a true plane in order to insure a good magnetic circuit with the ground 
surface of the back strap. 

If the protective coatings on the pole faces have been damaged in any way, 
they should be treated per "Union Pole Face Treatment", Instruction Pamphlet 
U-5038. 

2. Permanent Magnet and Yoke 

During the latter part of 1957 the material of the permanent magnets was 
changed to a modern non-aging material. It should not become necessary under 
normal service conditions to charge the newer type magnets except when they 
are being replaced due to breakage or when they are being used to replace the 
former type permanent magnet in a relay that has been in service prior to the 
latter part of 1957. In the case of replacement of either the former type or the 
newer modern type of permanent magnet in a relay, the permanent magnet must 
be charged after it has been fastened to the top plate and has been ground as 
described in Section 1. Where a former type magnet may have decreased in 
strength after extended service it is not necessary to remove it from the top 
plate for charging. 

In order to fully charge the permanent magnet, it is necessary to have 
proper charging equipment .. Drawings are available for a charging outfit that 
some railroads may desire to construct for their shops. Drawing B-12731, 
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Sh. 's l, 3, 4, 5, and 6 which give the necessary constructional details, and 
Drawing B-12730, Sh. 3 showing assembly will be furnished on request. 

The newer type magnets when fully charged, may have a higher residual than 
required for calibration of the relay. It is highly desirable from the standpoint of 
magnet stability, to charge the magnets to as high a residual as possible and 
then when necessary, to age (reduce their strength) to the required value for 
proper calibration of the relay. In most instances where aging is necessary, 

Adapter 

Back Strap should be down against 
Permanent Magnet and Charger Core. 

Filler Block 

Charging 
Coil 

No gap here 

Figure l 

Permanent Magnet and Core 
assembled to Top Plate 

only a small degree of aging will be required and this may be accomplished hy 
merely removing the back-strap and replacingit a number of times. The copper 
ferrule on the permanent magnet should be removed while aging the magnet. 

The newer type permanent magnet now used in the DP-1-± polarized relay 
cannot be charged on the magnet charger previously used for the DP-14 relays 
having the former type permanent magnets. By the use of adapters our DP-25 
polarized relay magnet charger can be used to charge either the former or the 
newer type permanent magnets on any DP style polarized relay. 

Ordering reference 00377131 Drawing B-12730 Sh. 3 covers a complete 
magnet charger assembly for charging DP-14, DP-14A, DP-17 and DP-25 polar
ized relay permanent magnets of the newer modern design or those relays that 
were equipped with the former type permanent magnets. 
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With the above described outfit the permanent magnet is charged by in
serting the permanent magnet core to close the magnetic circuit as shown in 
Fig. 1 and connecting the charging coil to proper terminals of a 110 volt d-c. 
power source. 

The back-strap end of the charged permanent magnet should attract the end 
of a compass needle which points toward geographic North. 

3. Neutral Armature 

The armature should be set to a parallel physical air gap of not less than 
0.013 inch (0.014 inch if the rust protective coating has been removed from 
pole faces). A O. 014 inch spacer is recommended for actual setting of the air 
gap (O.015 inch if the rust protective coating has been removed). 

The safety core pins in the armature should in no case touch the pole pieces. 

The end play of the armature should be not less than 0.010 inch nor more 
than O. 02Q inch. 

4. Polar Armature 

The polar armature should be centered in the yoke and should have from 
0. 004 to O. 007 inch end play. A minimum air gap of O.016 inch should be ma.in".. -
tained between the polar armature and yoke. When measuring this air gap the 
armature end play as well as twist due to clearances in pivot holes should be 
taken up as much as possible in the measured direction. 

The air gap between the polar armature and the pole faces is tapered, and 
the minimum dimension to be checked is at the extreme tip of the armature. 
The armature tip may not be exactly parallel to the pole face, in which case the 
maximum air gap across the tip may be as much as 0.002 inch larger on one 
side. This minimum is in accordance with the table below, and is measured 
after both armature and pole face are properly treated with rust protective coat
ing. Any point closer than this may be corrected by careful filing of the edge 
of the armature tip." · -"" · , ~. : ___ · ,· -· ... - · · , -, , , 

Relay 

2 Normal 2 .Reverse 

-4 Normal 4 Reverse 

6 Normal 6 Reverse 

Min. Physical Air Gap 
at Armature Tip 

0.013 Inch 

0. 006 Inch 

0.006 Inch 

All measurements of air gaps, clearances, etc., should be made with the 
pivot screws adjusted and the lock nuts tightened. In no case should the pivots 
bind or restrict free motion of the polar armature. 
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5. Neutral Contact Adjustment 

Front contacts should be adjusted as far as possible only by moving the car
bons . When replacing contact springs avoid all bending of springs except as 
necessary to secure alignment with the old springs. All springs should extend 
straight in a plane with the surface to which they are attached. 

The front contacts should be adjusted using a O. 019 inch stop pin spacer 
held in position by pressure applied on the neutral armature between the stop 
pin and the pivot screws so as to bring the armature as close to the pole pieces 
as the play in the pivots will permit. The carbons should be adjusted so that they 
are in line with the spring tips with light barely perceptible between the contac
ting surfaces. A spacer O. 001 inch thinner should allow the contacts to close. 
In order to obtain specified calibration values it might be necessary to slightly 
increase or decrease the thickness of the stop pin spacer, but it should not be 
necessary to decrease it below 0.016 inch. 

The carbons should be in line when adjusted and tightened, and should ex
tend beyond the edges of the contact spring tips at least l /64 inch on each side. 
With the relay energized the silver tips should extend about l /8 inch beyond the 
carbons, but in no case should the _carbons rest on or'i1gainst' the edge of the 
unburnished portion of the spring tips~ · 

The back neutral contact stop members should be adjusted to just touch the 
contact springs with no perceptible pressure. It is necessary that the back con
tacts be adjusted to provide for proper minimum neutral armature pick-up cali
bration. They should never be adjusted to a position where the back contact 
opening with the front contacts just made becomes less than O. 020 inch. New 
relays are adjusted to provide a contact opening, under this condition, of 0. 030 
inch minimum. (Also see Section 9 on Pick-Up). 

Adjustments should be made by bendingthe back contact supports and not by 
bending the .. back contact springs. In no cas~should-the bac.k .. contacts rest.on or. 
against the unburnished portion of 'the ·spring tips.· ··· 

The armature back stop screw should be adjusted so that, with the relay de
energized, the back contacts will be compressed equivalent to 0.012 inch travel 
at the screw. This adjustment can be readily made by inserting a 0.012 inch 
spacer between the armature and the back stop screw, and adjusting the screw 
until the back contacts just make, then locking the screw in place. 

The front contact opening, with the relay deenergized, should be approxi
mately 0.070 inch. In no case should it be less than 0.050 inch. 

If the relay is equipped with bridging contacts, the bridging front contacts 
should be adjusted exactly the same as standard front contacts. The bridging 
back contacts should be adjusted to just make contact when the front contact 
springs are compressed 1 /64 inch. If a O. 019 inch stop pin spacer is used to 
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adjust the front neutral contacts, a 0.014 inch stop pin spacer can be used to 
adjust the bridging back contacts to just make. That is, the stop pin spacer to 
adjust the back bridging contact should be O. 005 inch less than that used to ad
just the front spring of the bridging contact. As far as possible this back contact 
adjustment should be made by bending the back contact support and not by bend
ing the spring. 

6. Polar Contact Adjustment 

Before adjusting polar contacts, all silver tips should be cleaned and the 
sharp tips of the carbons should be broken slightly as outlined in Service Speci -
fication SU-4560. Contacts should be adjusted only by moving the carbons and 
not by bending the contact springs. Care should be taken that the contacts do 
not rest on or against the edge of the unburnished portion of the spring tips. 

With a O. 043 inch spacer under the stop pin on one side, the upper contacts 
on the same side and the lower contacts on the opposite side should be adjusted. 
This adjustment should be made by moving the carbons until they are in line 
with, and light is barely perceptible between, the carbons and the silver tips. 
A O.001 inch smaller spacer than used for adjustment should permit the con
tacts to close. 

variation in contact springs. and· permanent magnets ··might nee.es sitate · using ' 
a spacer other than 0.043 inch in order to bring the calibration values within 
required limits. Increase in the spacer reduces polar armature pick-up values, 
and decrease in the spacer results in higher polar armature pick-up values. 
Properly adjusted polar contacts will result in the polar armature reversing 
from stop-pin to stop-pin at or below the specification table values without ini
tial release. However, in ·no case should a stop-pin spacer smaller than 0.033 
inch be used, and the contact opening should never be less than O. 050 inch. 

The carbons should be in line when adjusted and tightened. The silver tips 
should be at least 1/64 inch from either side edge of the carbons and should ex
tend on the lower contacts .approximately l/16inch beyond the .carbons.:::The 
extension beyond the upper carbons' will always be''somewhat greater than on' 
the lower carbons. 

7. Calibration 

After the relays have been inspected and adjusted in accordance with pre -
ceding paragraphs, they should be calibrated to meet the requirements given 
in the proper table. 

Calibration readings should be taken after a charge of 4 times the Maximum 
Neutral Armature Reverse Pick-up and Workingvalue with normal polarity ener
gization. Calibration values should then be taken after a charge with reverse 
polarity of energization. 
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Any changes in contact adjustment, necessary in order to bring the relay 
within the calibration requirements, should be made by moving the carbons or 
bending the back contacts and not by bending the contact springs. 

8. Drop-Away with Contact Pressure 

The relay shall be given a charge of four times the pick-up value and the 
current gradually reduced until the armature drops away opening all front con -
tacts. This will be the drop-away value of the relay and should be not less than 
the value specified in the proper table. 

9. Neutral Armature Pick-Up 

After the drop-away value has been taken, the circuit should be opened for 
one second and current of the same polarity again applied, gradually increas -
ing until the neutral armature is attracted and the front contacts make. The 
neutral armature pick-up values should be not greater than the maximum speci
fied in the proper table. 

If necessary to increase the pick-up of the relay to meet the requirements 
of the specification, the compression of the front neutral contacts should be -in
creased as much as the Neutral Armature Reverse Working value will permit, · · 
moving the back contacts to maintain · the proper minimum back contact opening 
when the front contacts just make, as discussed in Section 5. To funher in
crease the pick-up value of the relay it will be necessary to increase the back 
contact opening, with the front contacts just made, to a value greater than the 
minimum discussed in Section 5. 

10. Polar Armature Pick-Up and Working 

After the neutral armature pick-up has been taken, the energization shall 
b~ increased to the charge value then decreased to zero. The circuit should 
be opened for one second and reverse current applied, increasing gradually 
until the polar armature reverses. and moves to stop .against the ,opposite f?Ole., .. 

' ,,.,_ '·><·"· .. ., . • ,,, . . .. f_, __ ,._ .- -,,_ 

piece. The value of energization at which the polar ·armature ·'reverses shounr ·· 
be no higher than the value given in the proper table in both the normal and the 
reverse directions. 

It is possible that the normal and reverse polar armature pick-up values 
will not be exactly the same, due to slight manufacturing and adjustment varia
tions. In this case the higher value should be no more than 20% greater than 
the lower value. 

11. Neutral Armature Reverse Working 

After the polar armature pick-up has been taken, the energization should 
be gradually increased until the neutral armature picks up and moves to its stop. 
This value should be no more than the Neutral Armature Reverse Working value 
in the proper table. 
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12. Polar Armature Holding Torque 

After the contacts are properly adjusted and calibration requirements are 
satisfied, a check should be made of the holding torque of the polar armature 
against the pole piece with the relay deenergized. 

The 2N-2R relay should require a force of 40 grams or more, applied at 
the tip of the polar armature, to force it away from the pole piece in the last 
energized position. 

The 4N-4R or 6N-6R relay should require 80 grams or more to force the 
polar armature away from the pole piece in the last energized position. 

13. Contact Cleaning and Resistance Measurements 

Relay contacts should be cleaned in accordance with relay contact clean
ing Service Specification SU -4560. 

The initial cleaned resistance of all polar and of front neutral contacts shall 
be measured with the armatures against the stop pins. Resistance of back neu
tral contacts shall be measured with the armature in the normal deenergized 
position. Resistance measured should not exceed the values given in the following 
list for the various av~ilable contact combinations. 

Silver to Silver-Impregnated Carbon 
Front Neutral or Polar 

Carbon to carbon front neutral 

Silver to Silver 

Silver-Impregnated Carbon to Silver-Impregnated 
Carbon Front Neutral 

Silver-Impregnated Carbon to Silver-Impregnated 
Carbon Back Neutral 

14. Assembly of Base to Relay ; 

0.09 ohm 

0.4 ohm 

0.03 ohm 

0.20 ohm 

0.40 ohm 

A check should be made that the gaskets seal the relay tightly. The nuts 
holding the relay base should be tightened carefully in order not to put unnecessary 
strains on the top plate. This can be accomplished by bringing the nuts to a 
"hand tight" position where the base just starts compressing the gaskets, then 
tighten the nuts one complete turn, after which sealing compound should be ap-· ·· 
plied. 
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15. Working Values 

Attention is called to the last two columns of Tables 1 and 2. The col
umns headed ''Neutral Armature Reverse Working" give values at which the 
relays can be energized to provide for full front contact pressure with reversal 
of polarity. The open circuit interval of the neutral contacts when the polarity 
of energization is reversed at these values (1. 35 sec. rev. time) is greater than 
can usually be bridged by standard slow release relays. Hence a second column 
is added to indicate the recommended higher working energization which will 
give an open circuit interval of 0. 9 sec. (0. 9 sec. rev. time) which is within the 
limit that can be handled by 1. 0 sec. retardation slow release relays. 

The last column of Table 3 gives the energization for relays with six neu
tral contacts which is necessary to fully compress all the front contacts on re
versal of polarity (Neutral Armature Reverse Working). This energization is 
sufficient to provide the O. 9 sec. open circuit interval (0. 9 sec. rev. time). 

16. Service Values 

The data in the following tables cover ·relays· calibrated· in the relay shop 
and using full charge . energization. Relays in the field .ordinarily · must be·. :. · - ·.. : 
tested with a charge value appro:idma.teiy equai t~· the working· value: .. : With. this., · · 
field charge the calibration values obtained may be slightly higher than speci-
fied in the table. 

It is recommended that a relay should be shopped when the drop-away de -
creases to 67% of the table value. When the polar armature pick-up value in
creases to 85% of the neutral armature pick-up value actually obtained on the 
relay, corrections should be made promptly. 



RELAY RESIS. CHARGE 
IN OHMS (4 X PU) 

Amps. Volts 

0.5 . 824 .41 
1 • SW .56 
2 .386 • 77 
4 .280 I. 12 

9 .200 1. 80 
16 .136 2. 18 
24 .128 3.08 
40 .094 3.32 

55 .0788 4.33 
60 .0830 4.98 
90 .0672 6.05 

100 .0636 6.36 
.', 

150 .0516 7. 74 
250 .0418 10.5 
360 .0352 12.7 
500 .0280 14.0 

670 .0256 17.0 
1000 .0212 21.0 
1500 .0175 26.2 
2000 .0156 31.12 

TABLE #J 

CALIURATION VALUES FOR ORDINARY ACTING DP-14 POLARIZED RELAYS 
EQUIPPED WITH 2 NORMAL AND 2 REVERSE POLAR CONTACTS 

AND 4 LOW VOLTAGE NEUTRAL CONTACTS 

NEUTRAL ARMATURE MAXIMUM 
MAXIMUM NEUTRAL ARMATURE 

MINIMUM MINIMUM MAXIMUM POLAR ARMATURE REVERSE WORKING 
DROP-AWAY PICK-UP PICK-UP PICK-UP & WORKING (1.35Sec. Rev. Time) 

Amps. Volts Amps. Volts Amps. Volts Amps. Volts Amps. Volts 

.109 .055 . 196 .098 .206 .103 .132 .066 .309 .155 

.074 .074 .133 .133 .140 .140 .090 .090 .210 • 210 

.053 .106 .092 .184 .0965 . 193 .062 .124 .145 .290 

.037 .148 .0665 . 266 .070 . 280 .045 .180 .105 .420 

.0265 . 239 .0475 .427 . 050 .450 .032 .· .288 .075 .675 

.0180 . 288 .0325 . 52 .034 • 544 .022 , , • 352 .0515 .824 

.0170 .408 .0300 • 72 .032 . 768 .0205 . ,492 .0480 1.15 

.0124 .496 .0225 • 90 .0235 . 940 .0150 .60 .0355 I.42 

.0105 . 577 .0187 I.03 .0197 I.OS .0127 • 70 .0296 I. 63 

.0110 . 660 .0200 I. 20 .0208 I. 25 .0135 , , 81 .0312 I. 87 

.0089 . 810 .0160 1.44 .0168 I. 51 .OllO ' : 99 .0252 2.27 

.0084 .840 .OlSf I.SI .0159 I. 59 .0102 1io2 .0239 2.39 

.0068 1.02 .0122 I. 83 .0129 l. 94 .0083 1. 24 .0193 2.90 

.0055 I. 38 .0099 2.48 .0105 2.61 .0067 1. 68 .0157 3.92 

.0046 l. 66 .0083 2. 99 .0088 3.17 .0056 2.03 .0131 4. 72 

.0037 I. 85 .0067 3. 33 .0070 3. SO .0045 2.25 .0105 5.25 
',. 

.0034 2.25 .0060. 4.05 .0064 4.26 .0041 2. 75 .0095 6.39 

.0028 2. 78 .0050 5.00 .0053 5. 26 .0034 3.38 .0079 7.89 

.0023 3.47 .0041 6. 24 .0044 6.56 .0028 4.22 .0066 9.85 

.0021 4.12 .0037, 7.38 .0039 7.78 .0025 5.00 .0058 11. 67 
. 

I 

RECOMMENDED 
WORKING FOR O. 9 

SEC. REVERSAL TIME 

Amps . Volts 

.412 .206 
• 280 • 280 
.193 .386 
.140 .56 

.100 • 90 

.0685 1.10 

.064 1.54 

.047 1. 88 

.0395 2.17 

.0420 2.55 

.0336 3.02 

.0320 3.20 

.0258 3.87 

.0209 5.22 

.0175 6.30 

.0140 7.00 

.0127 8.50 

.0105 IO.SO 

.0088 13.12 

.0078 15.56 

c 
en 
~ 

en 

...... 
0 

N 
(.;J 
-..J 
00 



RELAY RESIS. CHARGE 
IN OHMS (4 X PU) 

Amps. Volts 

0,5 ,884 .44 
I ,600 .60 
2 .414 .83 
4 ,300 I. 20 

9 .214 I. 92 
16 .148 2.37 
24 .136 3.27 
40 • JOO 4.00 

55 .0844 4.64 
60 ,090 5.40 
90 .0720 6.48 

i 100 ,0684 6.84 

I 150 .0552 8.29 
250 .0448 II. 2 
360 .0376 13.6 
500 ,0300 15.0 

670 .0272 18.2 
1000 .0224 22.6 
1500 .0188 28.l 

· 2000 .0168 33,3 

TABLE #2 

CALIBRATION VALUES FOR ORDINARY ACTING DP-14 POLARIZED RELAYS 
EQUIPPED WITH 4 NORMAL 4 REVERSE OR 6 NORMAL 6 REVERSE POLAR CONTACTS 

AND 4 LOW VOLTAGE NEUTRAL CONTACTS 

NEUTRAL ARMATURE MAXIMUM 
MAXIMUM NEUTRAL ARMATURE 

MINIMUM MINIMUM MAXIMUM POLAR ARMATURE REVERSE WORKING 
DROP-AWAY PICK~UP PICK-UP PICK-UP & WORKING (I. 35 Sec. Rev. Time) 

Amps. Volts Amps, Volts Amps. Volts Amps. Volts Amps. Volts 

.109 . 055 .209 .104 .221 .111 .147 ,074 .324 .162 

.074 ,074 .143 .143 .150 .150 .100 .• 100 .220 .220 

.053 .106 ,098 .196 .1035 .207 .068 .136 .152 .304 
,037 .148 .071 .284 .075 .300 .050 .200 .110 .440 

.0265 .239 .051 .459 ,0535 .481 .036 ,324 .0785 • 706 

.0180 . 288 .035 .• 56 .037 .592 .0425 ,392 .0540 .864 

.0170 .408 .0325··.'. 78 ,034 . 816 .0230 \'552 .0500 1.20 

.0124 .496 • 0240 '!:\ . 96 .025 I.00 .0170 )·680 .0370 1.48 I ·, 
•·', ;, l \j ~ 

.0105 .577 .0201 I.II .0211 1.16 .0141 ,776 .0309 1. 70 

.0110 .660 .0210 .,J,.26 .0225 I.35 .0149 , 894 .0330 I. 98 
,0089 • 801 .0170 J.53 .0180 I.62 .0120 1,08 .0264 2.38 
,0084 . 840 .0162 J.~2 .0171 I. 71 .0114 'd4 .0250 2.50 

.0068 I.02 .0131 1. 96 .0138 2.07 ,0092 1 :as· .0202 3.03 

.0055 I. 38 .0106 • ;2. 66 .0112 2. 80 ,0075 1,87 .0164 4.10 
,0046 I. 66 .0089' 3, 20 ,0094 3.38 .0063 2,27 .0138 4.97 
.0037 1. 85 .0071_3.56 .0075 3. 75 .0050 2,50 .0110 5.50 

,·) 

.0034 2. 25 .0065 4. 34 .0068 4.56 .0046 3.05 .0100 6.70 

.0028 2. 78 .0054 5, 36 .0056 5. 64 ,0038 3.i( .0083 8.26 

.0023 3.47 .0044 ·6. 68 .0047 7.04 ,0031 4.69 .0069 10,30 

.0021 4.12 .0040 7, 92 .0042 8.33 .0028 5,56 .0061 12.22 
,, 

. ·q 

.\ 

{ ~~ 

:~ ~ 
;·i 

RECOMMENDED 
WORKING FOR 0, 9 

SEC, REVERSAL TIME 

Amps • Volts 

.412 .206 

.280 .280 

.193 .386 

.140 .56 

.100 .90 

.0685 1.10 

.0640 1. 54 

.0470 1. 88 

.0395 2.17 

.0420 2.55 

.0336 3.02 

.0320 3.2 

.0258 3.87 

.0209 5.22 

.0175 6.3 

.0140 7.0 

.0127 8.5 

.0105 10,5 

.0088 13.12 
,0078 15.56 
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RELAY RESIS. 
IN OHMS 

0.5 
1 
2 
4 

9 
16 
24 
40 

55 
60 
90 

100 

150 
250 
360 
500 

670 
1000 
1500 
2000 

CHARGE 
(4 X PU) 

Amps. Volts 

. 940 .47 

.640 .64 

.470 . 94 

.320 1. 28 

. 228 2.05 

.156 2.50 

.146 3.50 

.108 4.32 

.090 4.96 

.095 5. 70 

.0768 6.81 

.0728 7.28 

.0588 8.82 

.0477 11. 9 

.0400 14.4 

.0320 16.0 

.0292 19.5 

.0240 24.0 

.0200 30.0 

.0176 35.5 

TABLE #3 

CALIBRATION VALUES FOR ORDINARY ACTING DP-14 POLARIZED RELAYS 
EQUIPPED WITH 4 NORMAL 4 REVERSE OR 6 NORMAL 6 REVERSE POLAR CONTACTS 

AND 6 LOW VOLTAGE NEUTRAL CONTACTS 

NEUTRAL ARMATURE MAXIMUM 
MAXIMUM NEUTRAL ARMATURE 

MINIMUM MINIMUM MAXIMUM POLAR ARMATURE REVERSE WORKING 
DROP-AWAY PICK-UP PICK-UP PICK-UP & WORKING (0. 9 SEC. REV. TIME) 

Amps. Volts Amps. Volts Amps. Volts Amps. Volts Amps. Volts 

.132 .066 . 224 .112 . 235 . 118 , 14 7 .074 .500 .25 

.090 .090 .152 . 152 .160 .160 • JOO .100 . 340 ,34 

.066 .132 .112 .224 • llB .236 .074 .148 .250 .50 
,045 .180 ,076 .304 .080 .320 .050 .200 .1700 .68 

.032 .288 .054 .486 .057 .513 .036 .324 .1215 l.09 

.022 .352 .037 .592 .039 .624 .0245 .392 .0830 I. 33 
,0205 ' .492 ,0345 . 828 .0365 . 876 · '·.0230 .552 .0775 1. 86 
.0151 i',604 .0255 1.02 .0270 1.08 : ;0170 .680 .0570 2.28 

.0127 . 699 ,0214 1.18 ,0225 1.24 .• 0141 . 776 ,0479 2.64 

.0133 . 799 .0225 1. 35 .0240 1.44 ,0149 .894 .0505 3,03 

.0108 . 972 .0180 1. 62 .0192 1. 73 .0120 I.OB ,0407 3.67 

.0102 l.02 .0173 1. 73 .0182 l.82 ,,0114 1.14 .0390 3.90 ,j; 

.0083 1'. 25 .0139 2.09 .0147 2. 21 ! J ;0092 1. 38 .0312 4.68 

.0067 I. 68 .0113 2.84 .0119 2.98 . , .0075 I. 87 .0254 6.35 

.0056 2.02 .0095 3.42 .0100 3.60 ':0063 2.27 .0213 7.66 

.0045 2. 25 .0076 3. 80 .0080 4.00 ; ; ,ooso 2.50 .0170 8.50 

.0041 2. 74 .0069 4.62 .0073 4.87 ,0046 3.05 .0155 10.40 

.0034 3. 38 .0057 5. 71 .0060 6.01 ,0038 3.76 .0128 12. 80 

.0028 4', 22 ,0047 7.13 .0050 7.50 ,0031 4.69 .0106 15.90 

.0025 5.00 .0042 8.44 .0044 8.88 ,0028 5.56 .0095 18. 90 .. 
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