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MA RK Ia DUAL RANGE DEMAND REG ISTER ------------- I.L. 42-302 .11A 

INTRODUCTION 

The M ark Ia register eliminates the two-pusher 
design used in the M ark I thereby reducing test time 
and improving reliability. 

The M ark Ia registers convert watthour meters to 
block interval  demand meters. The "watthour demand 
meters" are identical to watthour meters ex cept for the 
addition of the demand register and its necessary 
components: two lead connections for the motor and 
a glass cover with a mechanical reset. The mechanical 
demand register gives a combination of the kilowatt 
hour consumption, just like the standard kilowatt-hour 
register, and in addition gives the maximu m kilowatt 
demand over a definite time interval by means of a 
pointer moved over a graduated demand scale. 

GENE RAL DESC R I PTION 

The M ark Ia demand register has a standard kilo­
watt-hour gear train plus a demand gear train. Both 
gear trains are driven by the disk shaft. 

The interval  is accomplished by a synchronous 
motor and a gear train which turns a cam. The cam 
pivots an arm which engages a clutch. The clutch when 
engaged turns a pusher. The pusher contacts a demand 
pointer. The pointer h as enough friction to hold it on 
any point of the scale to which it is pushed. 

D uring the time interval ,  the pointer pusher is 
driven up scale at a rate proportional to the load on the 
watthour meter. I f  the demand of the interval ex ceeds 
that of the previous interval with the highest demand, 
the pu sher moves the pointer up scale to the point 
representing the new maximum demand. The pusher is 
returned to zero at the end of each interval by the action 
of the cam on a sector gear. 

PR INC IPLE OF OPE RATION 

The fol lowing is a description of the operating 
principle of the Mark Ia demand register ( F ig. 2). 

The meter disk shaft drives the wormwheel on 
shaft ( 1 ). Shaft ( 1 )  turns shaft (2) which turns shaft 
( 1 0), the kilowatt-hour gear train and the pointer shafts 
( 1 1 ) ( 1 2) ( 1 3) ( 1 4) and ( 1 5). Shaft (2) a lso turns shaft 
(3 ) .  Shaft (3)  turns the pusher (4 1 )  on clutch shaft (6) 
through shafts ( 4) and ( 5) . 

Both shafts ( 2) and ( 3) have two gears and pinions 
which change mesh when the scale plate is reversed to 
change class. This gives the dual range feature. As an 
example to change from Class 2 to Class 6, the scale is 
reversed and a tab on the scale when placed on the 
Class 6 side depresses shaft ( 3) which is then put under 
spring tension. This action disengages a gear and mating 

4 

pinion on shafts ( 2) and (3)  and automatically engages a 
different gear and pinion on these two shafts. This 
change in ratios corresponds with the scale in use auto­
matical ly due to the contour of the scale. ( F igures 2 
and 3) . 

The time interval is established by the operation 
of a synchronous motor as it drives thru a gear train to a 
cam which trips the clutch and returns the pusher to 
zero by its action on the sector gear ( 7) and the lever 
arm (43) . The operations are accomplished as follows: 
crown gear shaft (25) is turned by the output shaft of 
the synchronous motor. Shaft (25) turns shaft ( 26) ,  and 
the driving disk on this shaft turns shaft ( 27) which 
tu rns the time elapsed indicator shaft ( 30) a nd also has 
a d riving disk which turns shaft ( 28) . Shaft ( 28) drives 
the cam shaft ( 29) .  The cam on shaft ( 29) performs a 
dual fu nction: 

( 1 )  I t  pivots lever arm ( 43) which disengages the 
clutch for the interval reset. 

( 2) The top outer surface of the cam depresses the 
spring on the sector gear ( 7) and drives the pusher 
( 4 1 )  on shaft ( 6) back to zero. 

SCALES 

The M ark Ia is a dual range register and is available 
as C lass 1 and 2, C lass 2 and 6, C lass 3 and 5, or C lass 4 
and 8. The class change is accomplished by reversing 
the scale which mechanica l ly changes the gear ratios to 
correspond with the scale in use. ( F ig .  3) . 

A dial multip lier with the words "Mu ltiply a l l  
R eadings By" is  available for meters on  which required. 
A second position is also available on the left hand side 
of the register for special applications where additional 
multipliers or information is desired. 

I n  special cases where a customer has standardized 
on a given demand scale ( Example: 0-2.0 KW) , the scale 
plate is not reversed to change the scale class. Instead, a 
special multiplier tag is reversed which accom plishes the 
gear shift required and shows the new demand multiplier. 

The base speed of the following D- line meters on 
which these registers are used is either 1 000 r.p.h.  or 
500 r.p. h . ,  and the disk shaft has a single lead worm 
that meshes with a 1 00-tooth wormwheel. Listed in the 
tahks ( l'g. 7) are some typi.:al register ratios ( Rr). watt­

hour constants (Kh),  and their corresponding demand 
scales. 
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MAR K Ia DUAL RANG E D EMAND R EG ISTER I.L. 42-302.11A ---------------------------------

For Meters with Base Speed 1 000 r.p.h. For Meters with Base Speed 500 r.p.h. 

Full Scale Reading Full Scale Reading 
Kilowatts* Kilowatts* 

Am- Am-
Volts peres Stators Kh Rr Class 2 Class 6 Class 3 Class5 Volts peres Stators t<h Rr Class 2 Class 6 Class 4 Class8 

120 2.5 1 .3 333 1/3 1 2 .75 1.5 120 2.5 2 1.2 83 1/3 2 4 2.4 4.8 

120 15 1 1.8 55 5/9 6 12 4.5 9 120 15 2 7.2 13 8/9 12 24 14.4 28.8 

120 2.5 2 .6 166 2/3 2 4 1.5 3 120 2.5 3 1.8 55 5/9 3 6 3.6 7.2 

120 15 2 3.6 27 7/9 12 24 9 18 120 15 3 10.8 9 7/27 18 36 21.6 43.2 

*The Mark Ia register has 2 classes built into one 
register depending on the scale used. 

UNIVERSAL REGISTER FOR 
METERS WITH BASE SPEED 1 6 2/3 RPM 

TYPES DS-DA-D25-D3S 
D2A·DSP-2-5-7-8 DAP-

2-5-7-8 D25-2-5-7-8 D2A-2-5-7-8 

D4SM SINGLE-PHASE 

In order to provide flex ibi l ity in application of 
registers to meters of any KW capacity, the "Universal" 
demand register is recommended. For self-contained 
class 100 and 200 meters this is the R -166 2/3 ratio 
(direct reading on meters with Kh .6) with a class 2/6 
demand scale. This register would have a 2 KW or 
4 KW scale depending on the class setting. 

The 166 2/3 register ratio is chosen because it 
provides register d ial multipl iers that are whole numbers 
( not  fractions) on practically every type and rating of 
self-contained meter. T he proper register multipl ier is 
found as follows: 

Meter Constant (Kh) 
Multipl ier = --------

0.6 

In the case of transformer rated class 1 0 meters, 
the proper register multipl ier is found as fol lows: 

Meter Constant(Kh) xCT ratio x PT ratio 
Multipl ier= --------------­

.6 

S ince Kh pri = Kh sec X CT ratio X PT ratio, this 
formula can be used: 

Kh pri 
Multiplier= --­

.6 

UNIVERSAL REGISTERS FOR 
D4 POL VPHASE METERS WITH 

BASE SPEED 8 1/3 RPM 

With the advent of the D-4 polyphase meters which 
have a base speed of 500 R .P . H .  and a first reduction of 
1 00, a universal register with less gear reduction ( twice 
as fast) should be considered. F or self-contained class 
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200 meters, this is the R r = 83 1 /3 ratio (direct reading 
on meters with Kh = 1.2) with a full scale of 2 KW or 
4 KW depending on the class setting. 

The 83 1/3 register ratio is chosen because for the 
500 R .P.H.  meter it provides register dia l  multip liers 
that are whole numbers ( not fractions) on practical ly 
every type and rating of self-contained meter. The R r 

· 83 1 /3 is direct reading on a meter with a Kh = 1.2. 
The proper register multiplier is found as fol lows: 

Meter Constant ( Kh) 
Multipl ier= --------

1 .2 

In the case of the transformer rated class 20 
meter, the R r - 83 1 /3 ratio (direct reading on meter 
with Kh = 1 .2) register with a class 4/8 ful l sca le is 
recommended. This register would have a full scale of 
2.4 KW or 4.8 KW depending on the class setting. T he 
proper register multiplier is found as follows: 

Meter Constant (Kh) x CT ratio x PT ratio 
Multiplier=----------------

1 .2 

Since Kh pri = Kh sec X CT ratio X PT ratio this 
formula can be used. 

Kh pri 
Multiplier = ---

1.2 

I n  all cases the mu ltiplier wil l  apply to both KWH 
and KW demand readings. 

INSTALLATION 

These registers are designed for use only on 
Westinghouse meters. They are designed to be inter­
changeable with the standard kilowatt-hour register in 
order to convert from a standard kilowatt-hour meter 
to a demand meter. 

The registers are adjusted and checked for accur­
acy of registration at the factory and are ready for 
immediate insta l lation. H owever, to insure that the 
register has not been damaged in shipment and that the 
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MARK Ia DUAL RANG E DEMAND REGISTER _____________ I. L. 42-302.11A 

necessary parts have been received for field conversion, 
the fol lowing procedure should be fol lowed: 

1. Unpack the register with care. 

2. Inspect the register as fol lows: 
a. Check the nameplate mounted on top of re­

gister back plate to insure that the register is 
correct for the meter with which it is to be 
used. Check the meter class vs R egister F ul l  
Scale t o  verify that register K W  full scale 
corresponds with the thermal capacity of the 
meter. F or instance, a Class 200-240 volt, 2 
stator polyphase meter would have a thermal 
capacity of 200 x 240 x 2 = 96 KW. The 
correct matd11ng register for this meter should 
have a ful l  scale of 96 KW. 

b. Check a l l  shaft assemblies for end p lay and 
gear mesh. 

·c. If it is desired to check the calibration, proceed 
as outlined under Testing Watthour Demand 
Meters and Testing Demand R egisters. 

·3. Remove Kilowatt-hour register and attach leads 
to meter potential terminals. The leads are fur­
nished with the proper connectors so that any 
disassembly of the meter proper or soldering is 
eliminated. This is true for a l l  meters except the 
3-wire, single-phase meter which is not recommend­
ed for field conversion. 

4. On 120-volt meters, the Mark Ia is furnished with 
a 120-volt motor and on 240-volt meters the M ark 
Ia is furnished with a 240-volt motor. The 240-
volt motor will operate between 200 and 300 volts 
and is adequate for 277-volt application. On 480-
volt meters, a 240-volt motor and 240-volt reactor 
coil are used. 

Wiring drawings for the installation of leads and 
reactors are shown in Figures 10 through 25. All 
A-base polyphase meters above Serial No. 53,980, 
OOOare shipped equipped with Demand Motor 
Leads. 

5. In the place of the kilowatt-hour register, install 
the new Mark Ia rP.gister. No changes are neces­
sary in the meter proper. 

6. Connect the leads to the motor. 

7. Apply rated voltage and see that motor functions 
correctly. 

8. Recheck complete meter on full load and light load 
adjustment. A slight light load adjustment might 
lle necessary to comrensate for the additional 
friction load of the mechanism. While this adjust-

8 

ment is being made, the demand pointer should be 
up scale so that it is not being driven when 
calibrating the meter. This corresponds to actual 
operating conditions as it is very un likel y  that 
maximum demand wil l occur when the meter is 
operating at very low loads. 

9. A pply demand type cover. F or M ark Ia. check to 
see that reset wire is the proper length. 

10. Install complete meter in service as usua l for 
watthour meters. 

ADJUSTMENTS AND MAINTENANC E 

GENERAL 

M ark Ia demand registers are constructed of com­
patible materials and designed to give maximum trouble­
free service. The design is such that preventative main­
tenance is easily performed and should failure occur, 
the register can be repaired with minimum difficulty. 

CLEANING THE REGISTER 

The M ark Ia register can be ultrasonica l ly cleaned. 
The fol lowing procedure is recommended for this clean­
ing. 

1. R emove the motor from the register by removing 
the two screws in the backplate holding the motor 
in. The motor is then pushed upward and brought 
out through the top of the register by rotating 
slightly around the crown gear shaft N o. 25. 

2. The register can now be ultrasonical ly cleaned. 

CAUTION: In order to avoid trapping cleaning 
solutions in the over-rides and with some clean­
ing solutions causing corrosive action, the clutch 
should be propped open and rinsed properly. A 
toothpick or paper clip can be used to prop the 
clutch open. 

Ultrasonic cleaning is an art and science in itself, 
and its' success or failure in many cases is re lated to the 
understanding of the subject and equipment by those 
who are responsible for its use. For instance, a know­
ledge of the following variables is essential: effects of 
frequency, power density, tank size, holding fix tures or 
basket design, solution contamination, attitude of parts 
to be cleaned, type of soil to be removed, cleaning agent 
concentration and its effects on the particular metals, 
plastic or fibers in the apparatus, time element to achieve 
satisfactory cleaning without damaging the components 
of the apparatus, the number of parts to be cleaned vs. 
the power level. 

It is also important to realize that after the registers 
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MARK Ia DUAL RANGE D EMAND R EG ISTE R------------- I. L. 42-302.11A 

have been ultrasonically cleaned the parts are chemically 
clean and subject to galling; therefore, either a final dip, 
rinse, or application of a lubricant is recommended. One 
such lubricant solution for dipping or rinsing which is 
very satisfactory consists of .373 grms. lithium stearate 
per liter of denatured alcohol (.031 ounces per gallon). 
An alternate method of applying a lubricant would be 
to use powdered lithium stearate and apply to the bear­
ing surfaces with a small artist brush. These materials 
are available from any chemical supply house. 

A typical example of an ultrasonic cleaning process 
found to be satisfactory for Mark registers by Westing­
house using an ultrasonic cleaner with the following 
capacity is as follows: Average power output 1000 
watts - peak output of 2000 watts- nominal frequency 
of 20 KC (variable from 18 to 20 KC) and a cleaning 
tank of 2-gallon capacity. 

** 

1. Suspend register in a solution of Bendix 25-1 
(2 ounces per gallon water) heated to 140 to 
150 degrees Fahrenheit and ultrasonically agitate 
for one minute. 

2. Rinse in hot, running tap water for 30 seconds. 

3. Ultrasonically rinse in hot, clean tap water 30 
seconds. 

4. Blow with clean compressed air until all signs of 
water are removed. 

5. Dry in 100 degrees Centigrade (212 degrees 
Fahrenheit) oven for 5 minutes. 

6. Allow to cool to room temperature. 

7. Dip in an alcohol-lithium stearate solution 0.373 
grams lithium stearate/liter denatured alcohol 
(0.031 ounces per gallon). 

8. Drain over the lithium stearate solution until 
dripping ceases. 

9. Hang to dry at room temperature for 10 to 15 
minutes. 

**Cleaner Concentrate, Pioneer Central Division, Bendix 
Aviation, Inc., Davenport, Iowa. 

Where the ultrasonic method of cleaning is not 
used, the following cleaning procedure is recommended. 

1. Disassemble the register completely as described 
under Disassembly of Register. 

2. Each component should be cleaned with a good 
grade of clock cleaning fluid and rinses such as 
L & R solutions. 

9 

3. Dry all parts thoroughly after cleaning. 

4. Reassemble the register as described under Re­
assembly of Register. 

5. Apply lubricant as described under Ultrasonic 
Cleaning. 

CH ECKING TH E MOTOR 

Since the motor gear reduction is completely 
enclosed and running in a good grade of oil, it should 
not require cleaning. Instead, it is recommended that 
the motor be tilted so that the oil will drain down under 
the oil filler screw. Take the syringe Style No. 
1340457 used to put oil in the motor and insert it in the 
oil filler hole. Try to draw out the oil. When the motor 
contains the recommended 1-1/2 cc of oil, it is only 
possible to draw 6/10 to 8/10 cc with the syringe. The 
remainder is trapped in the bearings and lubricating 
clearances. If oil can be drawn up in the syringe or if it 
can definitely be established that there is oil in the 
motor and it is clean, then put this oil back in the 
motor and replace the oil filler screw. This should be all 
the service necessary for the motor. If oil is dirty, 
indicating wear, motor should be replaced. 

DISASSEMBLY OF REGISTER 

The following procedure is recommended fot the 
disassembly of the Mark Ia register. An assembly block 
such as shown in Figure 4 facilitates the disassembly of 
the register. 

By placing the register mounting bayonets in a 
meter, meter frame, or in a block the following parts 
can be removed (See Fig. 1 for Plates): 

I. Demand Pointer. Remove the spring tension screw 
and then the two screws holding the pointer 
protective bracket and spring. Remove spinner, 
demand pointer, and fibre washer. 

2. Scale. Remove the screws holding scale to dial 
plate. 

3. Pointers. Using a pointer puller, Style No. 
285A555H01, or large screw-driver with paper 
protecting the dial, remove pointers from ends of 
shafts being careful not to scratch the dial. 

4. Multiplier Tag. Remove screw and take off or 
loosen screw and push tag up and lift off. 

5. Motor - Terminal Block - Back Plate. Put reg­
ister face down in assembly block. Remove 5 
screws and take back plate, motor and terminal 
block assembly off. Remove No. 25 shaft 
assembly. 
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MA RK Ia DUAL RANGE DEMAND REG ISTE R  _____________ I.L. 42-302.1 1A 

CAUTION: Place back plate down on bayonet 
side to prevent damage to the worm wheel. 

6. Worm Wheel (No. 1 Shaft). Turn screw until flat 
on screw head allows shaft to be removed. 

7. Nameplate. Remove two screws. 

8. Ratio Plate - Dual Range Spring. Remove No. 2 
shaft. Remove 3 screws holding ratio plate and 
dual range spring and lift plate off. The following 
shafts can now be removed: No. 3, No.4, No.10, 
and No. 11 shafts. 

9. Middle Plate. Remove 4 screws holding middle 
plate and lift off. The following shaft assemblies 
can now be removed: (27), (28). (29), (30). (26), 
(5), and clutch shaft (6). 

The clutch shaft can be completely disassembled 
by removing the retaining rings on the front, 
middle, and rear of the shaft. 

10. Sub Plate. Remove spacer, one screw, and lift 
plate off. The following kilowatt-hour shafts can 
now be removed: (11),(12),(13),(14),and (15). 

11. Sector Gear. Remove the retaining ring and lift 
off. 

REASSEMBLY OF REGISTER 

The Mark Ia can be reassembled as follows: Again 
an assembly block as shown in Figure 4 facilitates this 
assembly. Applicators, Style No. 1960343, are available 
for applying retaining rings to shafts (See Fig. 1 for 
plates). 

1. Front Plate ( Dial) 
Place plate face down in assembly block. Put the 
sector gear (7) on its front plate pin. It is not 
necessary to apply retaining ring at this time. Put 
the following shaft assemblies in their bearing holes 
in the front plate with the long tapered pivot end 
thru the plate: (11), (12), (13), (14), and (15). 

2. Sub Plate. 
Put sub plate on posts and guide shafts into bearing 
holes. Put screw in and tighten. Put spacer over 
post. 

3. Clutch Shaft (6) 
If the clutch shaft was disassembled use the follow· 
ing procedure for reassembly: 
a. Put rear retaining ring into one of the inboard 

four grooves. Guide the spring centering spacer 
over the shaft with small diameter to the front. 

b. Place spring over shaft and guide on shoulder 
of spring centering spacer. 

10 

c. Place rear assembly on shaft, compress spring 
and apply center retaining ring. 

d. Place front assembly on shaft and apply front 
retaining ring. 

4. Cam Shaft No. 29 

Put this shaft in the front plate with the gear 
toward the rear of the register. Make sure small 
spring is on front end of shaft. 

5. Interval Gear Train 

Assemble in the following order (Fig. 2): 
a. No. 26 shaft, put in with the driving disk and 

pins closest to the front plate. 

b. No. 30 shaft. (Interval Indicator) put in with 
the long tapered pivot end through the front 
plate. 

c. No. 27 shaft, put in with the driving disk and 
pins toward the rear of the register. 

d. No. 28 shaft, put in with the gear toward the 
rear of the register. 

6. Orient disk and pins in neutral position and 
position cam shaft as shown in Figure 5 (b). 
This position will facilitate the assembly of the 
middle plate and trip lever. 

7. Middle Plate. 

Guide the middle plate assembly into pos1t1on 
making sure the prongs of the lever are located 
between the disk and the gear on the (6) clutch 
shaft. Put four screws in and tighten down. The 
cam should be in the second neutral position as 
shown in Figure 5 (b). The second neutral position 
facilitates the assembly of the middle plate. 

8. No. 1 0  Shaft 

Keep register face down in assembly block and put 
No. 10 shaft in its front plate bearing hole. The 
other end of this shaft will have the gear on the 
outside of the middle plate and the shaft will go 
thru the cut out section of the plate. 

9. No. 5 Shaft 

Put this into its bearing hole in the front plate thin 
gear closest to the front plate. 

10. No. 4 Shaft 

Put this into its bearing holes in front plate so that 
large gear is closest to the front plate. 
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MAR K Ia DUAL RANGE DEMAND REGISTER _____________ I.L. 42-302.11A 

11. No. 3 Shaft (Dual Range Shaft) (fig. 3) 

Put the long end of the shaft thru the hole in the 
middle plate and into the bearing hole in front 
plate. 

12. No. 1 1  Shaft 

Put this shaft into its front plate bearing hole with 
the long tapered pivot end through the front plate. 

13. Ratio Plate 

Put plate in its relative position and put each shaft 
in its bearing hole. Put 2 screws in right hand side 
and the flat spring goes under the 3rd screw on the 
left hand side. Center the spring over pivot of dual 
range shaft and tighten screw. 

14. No. 2 Shaft 

Put the end of the shaft which has three gears on 
it in the bearing hole of the middle plate and 
meshing with gear on dual range shaft. For some 
ratios it may be necessary to pull back on No. 3 
shaft to allow the pivot of the No. 2 shaft to go in 
its bearing hole. 

1 5. No. 25 Shaft (Crown Gear) 

Put this shaft in its bearing hole in the sub plate. 

16. Motor Assembly 

Lay the motor in its proper position resting on the 
middle plate with the output pinion in relative 
position to mate with crown gear on No. 25 shaft. 

17. Back Plate Assembly 

If No. 1 shaft was removed, put it back in bearings 
and turn the round edge of the retaining screw 
toward the back plate. 

Place back plate in proper relation to its posts 
and with worm mating with gear on No. 2 shaft, 
and seat the crown gear shaft in its bearing hole in 
the back plate. 

Put the 5 screws, spacer, and motor-mounting 
lockwashers in and tighten down. 

18. Scale Assembly 

Put register on a meter, meter frame or assembly 
block as shown in Figure 4 with dial up. Put scale 
in place and put screws in. 

19. Multiplier Tag 

13 

Replace multiplier tag if used by putting keyhole 
slot over screw and sliding the tag down. Tighten 
the screw. 

20. Kilowatt-Hour and Interval Pointers 

Put large pointers on kilowatt-hour shafts and the 
small pointer on interval indicator shaft. 

21. Demand Pointer Asseml}ly 

With register in same position as described in Step 
18, assemble as follows: 
a. Put fibre washer on demand pointer hub. 

b. Put demand pointer on. 

c. Put spinner on. 

d . .Put protective bracket and spring on and tighten 
two screws down that hold bracke� on. 

e. Put spring tension screw in and tighten enough 
to hold spinner on. 

22. Zero Adjustment 

Turn the register dial face up and gently hold 
demand pointer against the pusher at the zero end 
of the scale. Rotate the zero adjusting post 
(Fig. 6) and position the demand pointer in the 
center of the zero line. 

23. Sector Gear Mesh Adjustment (Fig. 7) 

Put the register in the bottoms up position and 
insert sector spring adjusting pin Style No. 

106R600H01 thru the hole in the middle plate 
until it rests in the hole provided in the front bear· 
ing plate. 

a. Gently hold demand pointer against the zero 
er.d of the scale as described under Step 22 
above. 

b. Allow spring on sector gear to rest on adjusting 
pin and guide teeth of sector into groove in 
pinion of (6) clutch shaft. Slide sector forward 
on the shaft so that it can be meshed with 
pinion on the (6) shaft. 

c. Put retaining ring on sector pivot post. 

d. Remove spring adjusting pin from midrlle plate. 

24. Interval Indicator Adjustment 

The interval indicator can be set at 12 o'clock trip 
position by slipping small pointer on the shaft 
pivot. 
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MARK Ia DUAL RANGE DEMAND REG ISTER _____________ I.L . 42-302 .11A 

Retaining Ring 

0 

0 

0 

25. Checks to be Made After Assembly 

a. Check all shafts for end play. 

b. Turn the power gear train thru manually by 
using the sl ip clutch on the (25) shaft. 

c. Turn the ( 1) shaft and deflect the demand 
pointer to fu l l  scale making sure the sector 
spring clears the cam for both neutral positions 
( F ig. 5) . 

26. Final Cam Setting 

0 

15 

Spring Adjusting P in  

S** 106R600HOI 

Before the middle plate was assembled the interval 
gear train was positioned so that the cam neutral 
positions were as shown in F igu res 5a and 5b. To 
insure the best location for smooth tripping action 
and proper open-time, the follow ing check shou ld 
be made. 
a. R otate the ( 1) shaft until the dem and pointer 

is deflected to the off-scale ( pegged) position. 

b. R otate the ( 25) shaft unt i l  the cam is in the 
first neutral position as shown in Figure 5a. 
Check to see that the sector spring is almost 
in contact but not putting pressure on the 
forward edge of the cam . 
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MARK Ia DUAL RANGE DEMAND REGISTER 

TEST 
WEIGHT 

c. In the event it is necessary to make an adjust· 
ment in the neutral position of the cam the 
following procedure should be followed: 
11 Push the cam shaft forward compressing the 

coil spring until the pinion is demeshed from 
its mating gear on the ( 281 shaft. 

CAUTION. When pushing the cam forward 
in order to demesh make sure the lobe on 
the cam is not in a position to hit the large 
gear on the left hand kilowatt hour shaft. 

21 With the gearing demeshed, the cam can be 
rotated in the desired direction. 

31 Once the gear teeth are disengaged and 
rotation has commenced the pressure on the 
cam shaft can be released. The coil spring 
will snap the pinion back in mesh on the 
next tooth thereby insuring only one tooth 
rotation. 

4) After rotating one tooth recheck the clear· 
ance between the lobe of the cam shaft and 
the sector spring per steps a and b, Pg. 15. 
Check the smoothness of operation by ad­
vancing the (251 shaft clutch manually and 
trip the (61 clutch. 

27. Clutch Open-Time Check 

If the cam has been set as outlined in Step 26 the 

open-time should be between 2 and 5 seconds. If 
the open-time is outside the 2 to 5 second range, 
the cam and sector probably needs to be shifterl 

a� outlined in Step �(,. The open-time is d1eckeu 
with a stop watch as follows: 

f' I GURE 8A 

f' I GURE 88 

16 

TORQUE 
AD .JUST I NG 
ScREW 

I .L. 42-302. 1 1A 

701NTER 

--� 
��-
TEST WEIGHT 
S# 2 84A400G01 

a. Turn the first ( 11 shaft and deflect the pusher 
(411 up scale. 

b. With the motor energized, advance the demand 
gear train until the clutch is just before tripping 
as indicated by the interval indicator. 

c. The open-time is measured between the time 
the pusher ( 4 11 drops back to zero and the 
clutch disk on the (6) shaft moves forward. 

28. Demand Pointer Spring Tension Adjustment 

The spring tension on the demand pointer is ad­
justed by using test weight Style No. 284A400G01 
in the following manner. See Figure 8A and 8B. 

1. Hold register in its normal operating position 
and make sure pusher is at zero. 

2. Mount test weight to demand pointer and 
locate the right hand edge of weight with the 
vertical line as shown in Figure 8A. The pointer 
should slip down scale to a lower reading. {If 
pointer does not fall then turn counterclock­
wise on the torque adjusting screw until pointer 
does fall). This insures that the slip torque is 
below the maximum allowable. 

3. Push demand pointer back to the horizontal 
position and slide test weight so that the left 
edge is in line with the vertical line as shown in 
Figure 88. This insures that the slip torque is 
above the minimum requirement. (If pointer 
slips, it will be necessary to turn clockwise on 
screw until pointer does not slip and then re­
check Step 2.) 
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29. Clutch Shaft Safety Check 

The clutch on the (6) shaft can be given a two to 
one safety check by positioning the test weight  
as  shown in F igure Sa. If  by turning the first ( 1 )  
shaft in the register the pusher wil l  rotate the 
demand pointer and advance the test weight 
through the horizontal, then the clutch has at  least 
a two to one safety factor. 

30. Testing Watthour Demand Meters 

T he same method of test employed for correspond­
ing watthour meters are used when testing demand 
meters. H owever, when calibrating demand meters, 
the timinQ motor should be running and the 
register meshed. The demand pointer shou ld be 
set at a position such that it wil l  not be advanced 
by the pointer pusher at any time during the test. 

TESTING DEMAND REGISTERS 

1 .  Mechanical Over-all Test Device 
110C174G01 

Serial No. 

The best way to check the register ca libration is 
by means of a constant speed device such as 
1 1 0C 1 74G 0 1 .  

The test device simulates a meter operating 
u nder constant load. T he register can be driven at 
a speed corresponding to meter speeds of 1 6-2/3, 
33- 1 /3, and 66-2/3 rpm. This device has a shaft 
driven by a synchronous motor and three different 
worms to give the speeds indicated above. 

The device is connected to a 1 20-volt source and 
the toggle switch is put in either the 1 20V or 
240V position depending upon the voltage of the 
register motor. The register is moun ted in the 
desired position and the motor leads coming from 
the binding posts on the left of the device are 
connected to the motor terminal block of the 
register. Varying frequency has no effect si nce 
both the test device drive motor and the tim ing 
motor in the register will change equally. The 
three speeds are used to check the full load po int 
and multiples thereof. Therefore, this dev ice will  
check a l l  classes and three poi nts of the scale. 

The actual i nd ication of a M ark II register may be 
compu ted by using the follow ing formula. 

KW R eading = 

6 X Test Device Sett ing 
( 1 6-2/3, 33- 1 /3, 66-2/3) 

R egister R atio 

2. Portable Gear Checker 111C217G01 

This device shown in Figure 9 is designed for a 
quick check on the k ilowatt demand gear tra in 
with respect to the interval t iming gear train 

17 

(ex clusive of motor gearing) . It is designed to 
check the fu l l  load point of a l l  M ark Ia registers 
regardless of interval or register ratio. 

Operation 

Disconnect the motor leads and remove register 
from meter. M ount register checker bayonets in meter 
and tighten screws. M ount the register in the checker. 
This automatical ly e ngages the worm wheel of the 
register with the gear on the checker. Now pu II the top 
of the checker (which is mounted on pivots) down on the 
register so that gear "A" on checker meshes with the 
overriding gear on the No. 25 shaft of the register. Push 
the latch on the front of the register checker under the 
post on the register to hold the checker in mesh. Turn 
the handle on the checker clockwise until the interval 
indicator on the register shows that the clutch is about to 
trip. E nergize the motor and allow the motor to trip 
the clutch. R eset the demand pointer by hand below 
the point on the scale which is to be tested. Turn the 
handle advancing the gear train manually until the 
interval indicator shows that the clutch is again about to 
trip. A II ow the motor to trip the clutch. Take the 
ex isting reading on the KW demand scale. T he checker 
has a high ( H )  and low ( L) deflection and is set by shift­
ing a ratio p late that engages the desired gear train.  Two 
register checkers are avai lable depending on the desired 
deflection. 

1 1 1 C2 1 7G01 

1 1 1 C2 1 7G 04 

Low R ange Deflection = 1 00 
(Test KW) R r  

High R ange Deflection = 200 
( 200"-b Test KW) R r  

Low R ange Deflection • 200 
( 200"/o Test KW) R r 

High R ange Deflection = 400 
(400"/o Test KW) R r  

Fig. 9 Gear Checker for Mo� /o Register Style No. 
Ill C217GO J 
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MARK Ia DUAL RANGE DEMAND REG ISTER _____________ I.L. 42-302.11A 

Fit. 10 D4SM-3 Wire Self Contained, 240V. 

(120V Reg. Motor). 

Fig. 12 DSM & D2SM 2 Wire Trans. Type, 240V. 

(120V Reg. Motor). DSM & D2SM 2 Wire 

Trans. Type, 480V. (240V Reg. Motor) . 

Fig. 14 DSM·D2SM & 03SM 2 Wire Self Contained, 

240V. (120V Reg. Motor). DSM·D2SM & 
D3SM 2 Wire Self Contained, 480V. (240V 

Reg. Motor). 18 

Fig. 11 DSM-02SM & D3SM-3 Wire Self Contained, 

240V. (120V Reg. Motor) .  DSM-D2SM & 
03SM-3 Wire Self Contained, 480V. (240V 

Reg. Motor). 

Fig. 13 DSM & D2SM 3 Wire Trans. Type, 240V. 

(120V Reg. Motor). DSM & D2SM 3 Wire 
Trans. Type 480V. (240V Reg. Motor) .  

Fig. 15 DAM & D2AM 2 Wire Self Contained, 240V. 

(120V Reg. Motor). DAM & D2AM 2 Wire 

Self Contained, 480V. (240V Reg. Motor). www . 
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MARK Ia DUAL RANGE DEMAND REGISTER 

Fig. 16 DAM & D2AM 2 Wire Trans. Type, 240V. 

(120V Reg. Motor). DAM & D2AM 2 Wire 

Trans. Type, 480V. (240V Reg. Motor). 

Fig. 18 DSP-2M & D2S·2M Self Cont. & Trans. Type, 

240V. (120V. Reg. Motor). DSP-2M & D2S-2M 

Self Cont. & Trans. Type, 480V. (240V. Reg. 

Motor). 

Fig. 20 DS-5M & D2S-5M-30 Amp-480V. (240V 

Reg. Motor). 

19 

I.L. 42-302.11A 

Fig. 17 DAM & D2AM 3 Wire Trans. Type, 240V., 

DAM & D2AM 3 Wire-4 Terminal Self 

Contained 240V. (120V Reg. Motor). 

Fig. 19 DS-5M & D2S-5M 240V. (120V Reg. 

Motor). DS·5M & D2S-5M 480V. (240V 

Reg. Motor). 

-----

Fig. 21 DSP-7M & D2S-7M Self Contained, 240V. 

(120V Reg. Motor). DSP-7M & D2S-7M 

Self Contained, 480V (240V Reg Motor). 
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MARK Ia DUAL RANGE DEMAND REG ISTER 

Fig. 22 DSP-7M & D2S-7M Trans. Type, 240V. 

(120V. Reg. Motor) .  DSP-7M & D2S-7M 

Trans. Type, 480V. (240V Reg. Motor ) .  

Fig. 24 DSP-8M & D2S-8M Trans. I ype, 240V. 

(120V Reg. Motor). DSP-8M & 02S-8M 

Trans. Type, 480V. (240V Reg. Motor). 

20 

I.L. 42-302.11A 

Fig. 23 DSP-8M & D2S-8M Self Contained, 240V. 

(120V Reg. Motor) .  DSP-8M & D2S-8M 

Self Contained, 480V. (240V Reg. Motor). 

Fig. 25 OAP-2-7-SM & DA·!>M & 02A-2-5-7-8M-

240V (120V Reg. Motor). DAP-2-7-8M & 
OA-5M & D2A-2-5-7-8M, 480V. (240V 

Reg. Motor). 
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MARK I DUAL RANGE D EMAND REGIST ERS----------------------

d. Put the other gear and magnet assembly on the 

threaded end of the shaft with magnet facing 
the arm ature. 

e. Put snap ring in the groove provided in the 
shaft to hold this gear on. Put the 115 shaft 
assembly in the front plate in its proper pos­
ition by putting the l ever in the groove of the 
arm ature and screw driver slotted end of the 
115 shaft in the front pl ate. 

CAUTION: Front magnet gear assembly should 
be resting on the front pl ate and the arm ature 
should be engaged with the back clutch. 

4. C am Shaft 1129 

Put this shaft in the front pl ate with the gear 
towards the rear of the register. 

Insert cam locating pin S1t 106R0 30 HO 1 from the 
front of the register and screw into left hand multiplier 

screw hole. ( See Figure 5). 

Tum cam so that it stops when the top projection 
of the cam closest to the gear hits the pin. The cam 

should remain in this position until the middle pl ate 
is tightened down. 

5. Interval Gear Train 

Assemble in the following order: ( See Fignre 2.) 

a. 1126 shaft, put in with the driving disc and 
pins closest to the front plate. 

b. 1130 shaft. (Interval Indicator) put in with the 
longest bearing surface in the front pl ate. 

c .  1127 shaft, put in with the driving disc and pins 
towards the rear of the register. 

d. 1128 shaft, put in with the gear towards the rear 
of the register. 

6. 117 Sector Shaft Assembly 

If this shaft was completely disassembled, re­

assemble as follows: 

12 

a. Put snap ring in its groove. ( applicators are 
avail able for applying s nap rings to these 
shafts. ) 

b. Put one sector on with the fl at side of the 
sector against snap ring. 

c. Put small spacer on. 

d. Put the other sector on with flat side against 
spacer. 

Put the assembly in the front plate bearing hole 

with the end that has no snap ring on it next to 

the front pl ate. Do not engage sectors with pusher 
shaft gears. Let the sectors hang out of the bottom 
of the register until middle plate is in place and 
tightened down. 

7. Middle Plate 

It is very important that the following shafts be 

pl aced in the positions described below and as 
shown in Figure 5. These positions should be 
maintained until the middle pl ate is in place and 
tightened down. 

a. Projection of the c am nearest the gear on shaft 
1129 should be against the locating pin. 

b. The disc with pins on shafts 1126 and 1127 
should be located in a neutral position with 
respect to the driven members with which they 
mate. 

c. With these shafts located as described above, 
take the middle pl ate and put in position with 
respect to its mounting posts. With a slight 
hand pressure on the left hand side of the pl ate 

and working from left to right, put each shaft 
in its bearing hole. Put 4 screws in and tighten 
down. 

d. Remove cam locating pin from front dial .  

8 .  Clutch Adjustment 

Put register in a bottom up position using groove 
provided in assembly block. Using a small screw 
driver in the slotted end of clutch '!haft 115, turn 
the threaded portion of the shaft slowly into the 
hub. Adjust clutch so that lever arm clears the 
cam when tripped to either clutch position. ( See 
Figure 6). This adjustment should be checked by 
manually turning the disc on shaft 1126 and allow 
the cam to trip the clutch to both positions and 

check for end play of lever arm. It is also import­
ant at this point to observe the relation of the 
arm with respect to the cam to make sure that the 
trip lever does not stop on the trip slopes of the 

cam. This insures that the register cannot be 

tripped in the dwell position. If when checking, 

the trip lever does stop on the slopes of the cam, 
step 7 will have to be repeated p aying particular 

attention to step 7( a). 

When the clutch is properly adjusted tighten 

the locking screw in the hub to lock the shaft in 
position. 

.JIII!il"· 
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MARK I DUAL RANGE DEMAND REGISTERS, ____________________ _ 

9. ltlO Shaft 

Put register face down in assembly block and put 
# 10 shaft in its front plate bearing hole. The other 
end of this shaft will have the gear on the outside 

of the middle plate and the shaft will go thru the 
cut out section of the plate. 

10. #4 Shaft 

Put this into its bearing holes in front plate so 
that l arge gear is closest to the front pl ate. 

1 1. #3 Shaft (Dual Range Shaft ) ( See Figure 3) 

Put the long end of the shaft thru the hole in the 
middle pl ate and into the bearing hole in front 
plate. 

12. It 1 1  Shaft 

Put this shaft into its front plate bearing hole 
with the l arge gear closest to the front pl ate. 

13. Ratio Plate 

Put pl ate in its rel ative po sition and put each 
shaft in its bearing hole. Put 2 screws in right 
hand side and the flat spring goes under the 3rd 
screw on the left hand side. Center the spring 
over pivot of dual range shaft and tighten screw. 

14. 11:2 Shaft 

Put the end of the shaft which has two gears on 
it in the bearing hole of the middl e plate and 
meshing with gear on dual range shaft. For some 
ratio s it may be necessary to pull back on #3 
shaft to allow the pivot of the #2 shaft to go in 
its bearing hole. 

15 . #25 Shaft (Crown Gear ) 

Put this shaft in its bearing hole in the sub plate. 

16. Motor Assembly 

Lay the motor in its proper position resting on the 
middle plate with the output pinion in relative 
position to m ate with crown gear on #25 shaft. 

17. Back Plate Assembly 

14 

If # 1  shaft was removed, put it back in bearings 
and turn the round edge of the retaining screw 
towards the back plate. 

Place back plate in proper relation to its posts 
and with worm mating with gear on #2 shaft, and 

seat the crown gear shaft in its bearing hole in 
the back plate. 

Put the 5 screws and spacer in and tighten 
down. 

18. Scale Assembly 

Put register in a meter, meter frame or assembly 
block as shown in Figure 4 with dial up . Put scale 
in pl ace and put screws in. 

19. Multiplier Tag 

Replace multiplier tag if used by putting keyhole 
slot over screw and sliding the tag down. Tighten 
the screw. 

20 . Kilowatt Hour and Interval Pointers 

Put l arge pointers on kilowatt hour shafts and the 
small pointer on interval indicator shaft. 

2 1. Demand Pointer Assembly 

With register in same position as described in 
Step 9 assemble as follows: 

a. Put fibre washer on demand pointer hub. 

b.  Put demand pointer on. 

c. Put spinner on. 

d. Put protective bracket and spring on and 
tighten two screws down that hold bracket on. 

e. Put spring tension screw in and tighten enough 
to hold spinner on. 

22. Zero Adjustment (See Figure 7) 

a. Check the two zero adjusting lock screws to 
be sure they are loose. 

b.  Put demand pointer against pushers at the 
zero end of the scale. Pointer should be below 
the zero marking on the scale. 

c. Holding demand pointer against pushers adjust 
the inbo ard pusher first by turning the inboard 

Zero Adjusting screw (just under the dial 
plate) until pointer rests on zero . 

d. Tighten inboard locking screw to maintain this 
adjustment. 

e. Holding dem and pointer against pushers adjust 
outboard pusher by turning the outboard zero 
adjusting screw until pointer rests on zero . 
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MARK I DUAL RANGE D EMAND R EGIST ERS---------------------

16 

Retaining Ring 

Spring Adjusting Pin-S� 106 R147HOI 

Sector Adjustment 
Fig. 8 
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f. Tighten out board locking screw to maintain 
this adjustment. 

23. Sector Gear Mesh and Adjustments. (See Figure 8) 

Put register in bottom up position and insert 
sector spring adjusting pin S1t: 106R147HO 1 thru 

the hole provided in the middle plate until it rests 
in hole provided in front bearing plate. 

a. Remove snap ring from sector Shaft #7 so that 

sector gears can be moved on the shaft to be 

engaged with their mating pinion on #6 shaft. 

b. Rotate both pushers to the zero position on the 
scale and hold on zero against the pusher. 

c. Allow springs on sector gears to rest on spring 
adjusting pin S1t: 106R147HO 1 and slide sectors 
on the shaft so that they can be meshed with 

their respective pinions on the #6 shaft. 

d. Put snap ring back on sector shaft. Applicators 
are available for applying snap rings to shafts. 

e. Remove spring adjusting pin from middle plate. 

24. Interval Indicator Adjustment (See Figure 2) 

The interval indicator can always be set at 
12 o'clock position by adjusting the gear on the 

#27 shaft which has a hub and set screw adjust­

ment for this purpose. Loosen screw and turn 

pointer and shaft to 12 o'clock position. Tighten 
screw. 

25. Checks to be Made After Assembly 

a. Check all shafts for end play. 

b. Turn the power gear train thru manually by 
using slip clutch on tt 25 shaft. 

c. Turn the tt 1 shaft and get a demand and kilo­

watt hour reading on both clutches simil ating 
two complete intervals. 

d. Adjust spring tension screws on demand pointer 

to give from 2 3/4 to 3 1/2 cmg. of torque on 
demand pointer. 

26. Testing Watthour Demand Meters 

The same method of test emPloyed for corres­

ponding watthour meters are used when testing 
demand meters. However, when calibrating de­

mand meters the timing motor should be running 

and the register meshed. The demand pointer 
should be set at a position such that it will not 
be advanced by the pointer pushers at any time 
during the test. 

27. Testing Demand Registers 

Calibration - The first step in the calibration 

should be to check the synchronism of the motor. 
Observe the rotor in the light of a neon glow lamp 

or equivalent operated from the same circuit as 

the motor. When in synchronism the rotor will 

appear to stand still. 

The best way to check the register calibration 
is by means of some constant speed device such 

as S1t: llOC 17 4GO 1. On this device the register 

can be driven at several constant speeds to simu­

late different meter loads. 

A portable register checker S1t: 111C217GO 1 
is also available for a quick check on the kilowatt 
hour gear train, demand gear train and interval 

timing gear tr ain. See I.L. 42-315. 1E for rr;ore 
information on portable test devices for demand 
registers. 
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3 .  Put the castings together and tighten all screws. 
Seal screw heads and the joint between cover and 

case with lacquer P . D .  #7241 using artist brush. 

4. After allowing the shellac to dry from 12 to 15 

1 5  hours add 1 1/3 cc of oil S lt1723639 through 

the refil l hole. A Combination oil gage and filter 
S lt1340457 is recommended for adding oil to the 

gear case. 

5. Apply anti-creep fluid P . D. 9289-1 around the top 
of the #24 shaft and bearing, to the inside of the 

breather hole, and on the casting adjacent to the 
hole. 

6. Re-date motor whenever it is re-oiled. 

D i s a s se m b l y  of R e g i ster 

The following procedure is recorr.mended for the 
disassembly of the Mark I register. An assembly block 
such as shown in Fi gure 4 facilitates the disassembly 
of the register. 

By placing the register Mounting bayonets in a 

meter, meter frame, or in a block the following parts 

can be removed: (See Fig. 1 for Plates ) 

1. Demand Pointer. Remove the spring tension screw 
and then the two screws holding the pointer pro­

tective bracket and spring. Remove spinner, 

demand pointer, and fibre washer. 

2. Scale. Remove the screws holding scale to dial 
plate. 

3. Pointers - Kilowatt Hour and Interval Indicating. 
Remove pointers from ends of shaft being careful 
not to scratch the dial . 

4. Multiplier Tag. Remove screw and take off or 

loosen screw and push tag up and lift off. 

5. Motor - Terminal Block - Back Plate. Put register 
face down in assembly block. Remove 5 screws 

and take back plate, motor and terminal block off. 
Remove #25 shaft assembly. 

C AUTION: Place back plate down on bayonet 
side to prevent damage to the worm wheel . 

6. Worm Wheel (#1 Shaft). Turn screw until flat on 
screw head allows shaft to be removed. 

7. Nameplate. Remove two screws. 

8. Ratio Plate - Dual Range Spring. Remove #2 
shaft. Remove 3 screws holding ratio plate and 

dual range spring and lift plate off. The following 
shafts can now be removed: # 3, #4, It 10, and It 11 
shafts. 

9.  Middle Plate. Loosen lock screw on hub in middle 

plate holding the clutch shaft (#5). 

CAUTION: Be sure armature is engaged with 
front clutch (one nearest front plate). 

Turn register bottom up and using small screw 

driver in slotted end of #5 shaft turn counter clockwise 

to disengage threaded portion of shaft from hub threads. 

Turn register back on its face and remove 4 screws 
holding middle plate and lift off. The following shaft 

assemblies can now be removed: #27, #28, #29, # 30, 
#26, #7, and clutch shaft #5. 

The clutch shaft (lt5) can be completely disassem­
bled by removing a snap ring on each end of the shaft. 

10. Sub Plate. Remove 2 screws and lift plate off 
and at the same time remove the pusher shaft (#6). 
The lever arm will come off with the sub plate 
since it is attached to it. The following kilowatt 
hour shafts can now be removed: It 12,  It 13, 1t 14, 
and #15. 

R e a s sem b l y  o f  R e g i ster 

The Mark I can be reassembled as follows: Again 

an assembly block as shown in Figure 4 facilitates 
this assembly. Applicators are also available for 

applying snap rings to shafts. (See Fig. 1 for Plates) 

1. Front Plate (Dial) 

Place plate face down in assembly block. Put 
the following shaft assembl ies in their besring 
holes in the front plate with the long tapered pivot 
end thru the plate: #15, #14, lt13, and # 12. 

2.  Sub Plate. 

Put #6 shaft in its relative position to the sub 

plate so that trip 1 ever and sub plate are in be­
tween the 2 gears on the #6 shaft assembly . Put 
sub plate on posts and guide shafts into bearing 
holes. Put two screws in and tighten. 

3. Clutch Shaft #5 

If clutch shaft was disassembled use the following 
procedure for reassembly: 

a. Put one gear and magnet assembly on the 
screw driver slotted end of the shaft. 

b. Put snap ring in the groove provided in the 

shaft to hold this gear on. 

c. Put armature on shaft so that the gear on the 
armature is closest to the threaded end of the 
shaft. 
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MARK I DUAL RANGE DEMAND REGISTERS ____________________ _ 

6. Connect the leads to the motor. 

7. Apply rated voltage and see that motor functions 
correctly. 

8. Recheck complete meter on full load and light load 
adjustment. A slight light load adjustment might 
be necessary to comp ensate for the additional 
friction load of the m echanism. While this adjust­

ment is being made the demand pointer should be 
up scale so that it is not being driven when cali­
brating the meter. This corresponds to actual 
op erating conditions as it is very unlikely that 
m aximum demand will occur when the meter is 
operating at very low loads. 

9. Apply demand type cover. For Mark I check to see 
that reset wire is the proper length. 

10. In stall complete meter in service as usual for 
watthour meters. 

ADJ U S T M E N T  AND M A IN T E N AN CE 

G eneral  

Mark I demand registers should be given a periodic 
cleaning and lubrication. The fre quency of the servic­
ing varies according to the conditions to which the 
device is subjected. 

It is not possible to specify in a general instruc­
tion l eaflet any rigid rul es to govern time interval s 
between servicing or inspection. The conditions and 
applications are so variable that dependence must be 
placed upon the e xperience and judgment of the local 
operators. Some companies consider that the registers 
should be serviced every five years, or more frequently 
if installed where subject to high temp eratures or un­
usual environments. 

C l ean i ng t h e  R eg i ster 

The Mark I register can be ultrasonically cl eaned. 
The following procedure is recommended for this clean­
ing. 

1. Remove the motor from the register by removing 
the two screws in the back pl ate holding the motor 
in. The motor is then pushed upward and brought 
out through the top of the register by rotating 
slightly around the crown gear shaft # 25.  

2. The register can now be ultrasonically cleaned. 

Where the ultrasonic method of cleaning is not 
used, the following cl eaning procedure is recommended. 

8 

1. Disassemble the register completely as described 
on P age __ 

9 

2. Each component should be cleaned with a good 

grade of clock cl eaning fluid and rinses such as 
L & R solutions. 

3. Dry all p arts thoroughly after cleaning. 

4. Reassemble the register as described on Page 
9 

C l ea n i ng t h e  Motor 

Since the motor gear reduction is completely 
enclosed and running in a good grade of oil it should 

not re quire cleaning as often as the register. Instead 
it is recommended that the motor be tilted so that all 
of the oil will drain down under the oil filler screw. 
Take the syringe S1t 1340457 used to put oil in the 
motor and insert it in the oil filler hole. Try to draw 
out the oil. If oil can be drawn up in the syringe or if 
it can definitely be established that there is oil in the 
motor then put this oil back in the motor and add 
another 1/ 2 cc of oil. This should be an the servic e 
necessary for the motor. If oil cannot be detected in 
the motor then the motor should be disassembled as 
described below and cl eaned and re-oiled. 

1. Remove cover from motor assembly by using a 

sharp gas flame or a soldering iron to soften the 
yell ow lacquer on screw heads. Remove screws 
whil e hot. 

2. Remove motor gear train. 

3. Scrape shell ac from castings and cl ean inside of 
castings being careful not to get cleaning fluid in 
rotor shaft and bearing. 

4. Motor gear train can be cleaned ultrasonically or 
disassembled and individual shaft assemblies and 
plates cleaned with a good grade of clock cleaning 
fluid and rinses such as L & R solutions. 

Reas sembly of Motor Gear Tra i n  

After parts have been cl eaned the following pro­
cedure should be followed: 

1. If gear train was disassembled, re-assemble and 
mount it back in po sition on top casting. 

2. Apply thin coat of shellac P . D. # 1 154-5 around 
the m atching surfac es of both top and bottom 
casting. Be sure to apply the shell ac on all sur­
faces around the holes. Allow shell ac to dry a few 
minutes before assembly. 
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MARK I DUAL RANGE DEMAND REGISTERS I . L. 42-302. 1 8  

. .A dial multiplier with the words "Multiply all 

Readings By" is available for m eters on which re­

quired. A second position is also available on the left 

hand side of the register for special applications where 

additional multipliers or information is desired. 

In special cases where a customer has standard­

ized on a given demand scale (Example: 0-2 . 0KW 

the scale plate is not reversed to change the scale 

class. Instead a special multiplier tag is reversed 

which accomplishes the gear shift required and shows 
the new demand multiplier. 

The base speed of D-line meters on which these 
registers are used is 1000 rev . /hr. and the disc shaft 
has a single lead worm that meshes with a 1 00 tooth 
worm wh eel. Listed in the table below are some stand­
ard register ratios ( RR) ,  watthour constants (Kh) ,  and 
their corresponding demand scales. 

F u l l  Scale Reading 
K i l owatts* 

Amp· 
Volts peres W ire RR Kh C las s 2 *  C l a s s 6 C l a s s 3 C la s s 5 

1 20+ 2.5 2 333 1 /3 . 3  1 2 .75 1 .5 
1 20 1 5  2 55 5/9 1 .8 6 1 2  4.5 9 
240+ 2.5 3 166 2/3 .6 2 4 1 .5 3 
240 1 5 3 27 7/9 3.6 1 2  24 9 1 8  
240 30 3 1 3  8/9 7.2 24 48 1 8  36 

+ se condary rated transformer type meter only, 

* Th e  Mark I register has 2 classes built into one 
register depending on the scale used. 

U n i v e r s a l  R e g i ster  

It  is sometimes desirable to use one universal 
register for all meters, this can be accomplished by 
varying the register dial multiplier. For example a 
register that has a register ratio of 166 2/3 and de­

mand class 2/6 could be used on all D-line meters 
with an appropriate dial multiplier. This register 

would have a 2 KW or 4 KW full scale depending on 
the class setting. The dial multiplier is determined 

as follows: 

Dial Multiplier = 
Meter Constant 

c 
C = Kh of m eter for which this register is direct read­

ing. For a register with 166 2/3 RR c = . 6  
The m eter nameplate gives the m eter constant 

(� ). On transformer rated meters the primary ( K h) is 

determined as follows: 

Kh primary = Kh X CT ratio X PT ratio 

The dial multiplier is: 

Meter Constant = Kh X CT X PT 
Dial Multiplier =  � 

Examnle: 

For a DSP-2M 3-wire, 3-phase meter with a meter 

constant of 0.6, a CT of 200/5 and a PT of 2 400/120 

the dial multiplier would be 0 · 6  x 20 X 40 = 800 0.6 

I N S T A L L A T I ON 

These registers are designed for use only on West­

inghouse meters. They are designed to be interchange­

able with the standard kilowatt hour register in order 

to convert from a standard kilowatt hour meter to a 
demand meter. 

The registers are adjusted and checked for accur­
acy of registration at the factory and are ready for 
immediate installation. However, to insure that the 
register has not been damaged in shipment and that the 
necessary parts have been received for field conversion 
the following procedure should be followed: 

1. Unpack the register with c are. 

2. Inspect the register as follows: 

a. Check the nameplate mounted on top of register 
back plate to insure that the register is correct 
for the meter with which it is to be used. Check 

scale vs class. 

b. Check all shaft assemblies for end play and 
gear mesh. 

c. If it is desired to check the calibration, proceed 
as outlined in the Maintenance and Adjustments 
Section. 

3. Remove Kilowatt hour register and attach leads 
to meter potential terminals. The leads are fur­
nished with the nroper connectors so that any 

disassembly of the meter proper or soldering is 
eliminated. This is true for all meters e xcept the 
3 wire single phase meter which if  converted in 

the field will require one lead to be soldered to 

the disconnect link. 

4. On 120 volt meters the Mark I is furnished with a 

120 volt motor and on 240 volt meters the Mark I 
is furnished with a 240 volt motor. On 480 volt 

meters a 2 40 volt motor and 2 40 volt reactor coil 

are used. 

Wiring drawings for the installation of l eads and 

reactors are shown in I. L. 42-300. 

5. In place of the kilowatt hour register install th e 
new Mark I register. No changes are necessary in 

the m eter proper. 
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MAR K  I DUAL RANGE D EMAND REGIST E RS ___________________ _ 

I N TR O D U C T I ON 

The Mark I registers convert watthour meters to 

block interval demand m eters. The "watthour demand 
meters" are identical to watthour meters except for 
the addition of the demand register and its necessary 
components; two l ead connections for the motor, and 

a glass cover with a mechanical reset. The mechanical 
demand register gives a combination of the kilowatt 
hour consumption, just like the standard kilowatt hour 
register, and in addition gives the maximum kilowatt 
demand over a definite time interval by means of a 
pointer moved over a graduated demand scale.  

G E N E R AL D E S C R I P T I ON 

The Mark I demand register has a standard kilowatt 
hour gear train plus a demand gear train. Both gear 
trains are driven by the disc shaft. 

The interval is accomplished by a synchronous 
motor and a gear train which turns a cam. The cam 
pivots an arm which engages a magnetic clutch. The 
clutch when engaged turns a gear on a shaft which al so 
holds a pusher. ',I'he pusher contacts a demand pointer. 
The pointer has enough friction to hold it on any point 
of the scale to which it is pushed. 

During the time interval , the pointer pusher is 
driven up scale at a rate proportional to the load on 
the watthour meter. If the demand of the interval ex­
ceeds that of the previous interval with the highest 
demand, the pusher moves the pointer up scale to the 
point representing the new maximum demand. The push­
er is returned to zero at the end of each interval by 
the action of the cam on a sector gear. The cam is so 
designed that it performs two functions: ( 1)  it engages 
thru a lever arm one magnetic cl utch for one interval 
and then thru the same lever arm engages a second 
magnetic clutch on the same shaft for the 2nd inter­
val. ( 2) The Mark I has two pushers, one to engage 
with each clutch mentioned above. The top outer sur­
face of the cam returns to zero the pusher which is not 
engaged during the interval, this gives a minimum 
open time since one pusher takes over the instant the 

other is released by the clutch. For each pusher there 
is also a corresponding sector gear which returns the 
pusher to zero . 

P R I N C I P L E  O F  O P E R A T I ON 

The following is a description of the op erating 
principle of the Mark I demand register, see Figure 2. 

The meter disc shaft drives the worm wheel on 
shaft ( 1). Shaft ( 1) turns shaft ( 2) which turns shaft ( 10) 
the kilowatt hour gear train and the pointer shafts ( 1 1) 
( 1 2) ( 13) ( 14) and ( 15 ). Shaft ( 2) al so turns shaft ( 3). 

4 

Shaft ( 3) turns shaft ( 4) which turns the demand 
clutches on shaft ( 5) alternately dep ending on which 
clutch is engaged. Each clutch on shaft ( 5) turns its 
m ating gear on shaft ( 6) when its clutch is engaged. 
Shaft ( 6) al so has two pushers which work with the two 
corresponding clutches and push the demand pointer 
up scale to indicate the demand. 

Both shafts ( 2) and ( 3) have 2 gears and pinions 
which change mesh when the sc al e  plate is reversed 
to change class. This gives the dual range feature. 
As an example to change from Class 2 to Class 6 the 
scale is reversed and a tab on the sc al e  when placed 
on the Class 6 side depresses shaft ( 3) which is then 
put under spring tension. This action disengages a 
gear and mating pinion on shafts ( 2) and ( 3) and auto­
matic al ly engages a different gear and pinion on these 
two shafts. This change in ratios corresponds with the 
scale in use automatically due to the contour of the 
scale. (See Figures 2 and 3). 

The time interval is established by the operation 
of a synchronous motor as it drives thru a gear train 
to a cam which trips the clutches and returns the push­
ers to zero by its action on two sector gears. The 
operations are accomplished as follows: crown gear 
shaft ( 25) is turned by the output shaft of the synchro­
nous motor. Shaft ( 25) turns shaft ( 26) and the driving 
disc on this shaft turns shaft ( 27) which turns the time 
elapsed indicator shaft ( 30) and al so has a driving disc 
which turns shaft ( 28). Shaft ( 28) drives the cam shaft 
(29). The cam on shaft ( 29) performs a dual function: 

( 1) It pivots a lever arm , which rides in the center of 
the cam, and engages a clutch for the interval . On 
the next interval the cam pivots the l ever arm in 
the opposite direction and engages the opposite 
clutch. ( See Figure 6). 

( 2) The top outer surface of the cam depresses a 
spring on the corresponding sector gear on shaft 
(7) and drives the pushers on shaft ( 6) back to 

zero. 

The cam action always returns the disengaged 
pusher to zero before the end of the interval and keeps 
the clutch open time to l ess than 1 second. 

S CA L E S  

The Mark I is a dual range register an d i s  a vail­

abl e  as Class 2 and 6 or Class 3 and 5. The class 

change is accomp l ishe d by revers ing the scale which 

mechanically changes the gear ratios to correspond 

with the scal e in use.  (See Figure 3 ). 
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INTRODUCTION 

The Mark Ia register eliminates the two-pusher 
design used in the Mark I thereby reducing test time 
and improving reliabi lity. 

The Mark Ia registers convert watthour meters to 
block interval demand meters. The "watthour demand 
meters" are identical to watthour meters except for the 
addition of the demand register and its necessary 
components: two lead connections for the motor and 
a glass cover with a mechanical reset. The mechanical 
demand register gives a combination of the kilowatt 
hour consumption, just like the standard ki lowatt�our 
register, and in addition gives the maximum kilowatt 
demand over a definite time interval by means of a 
pointer moved over a graduated demand scale. 

GENERAL D ESC R I PTION 

The Mark Ia demand register has a standard kilo­
watt-hour gear train plus a demand gear train. Both 
gear trains are driven by the disk shaft. 

The interval is accomplished by a synchronous 
motor and a gear train which turns a cam. The cam 
pivots an arm which engages a clutch. The clutch when 
engaged turns a pusher. The pusher contacts a demand 
pointer. The pointer has enough friction to hold it on 
any point of the scale to which it is pushed. 

During the time interval, the pointer pusher is 
driven up scale at a rate proportional to the load on the 
watthour meter. I f  the demand of the interval exceeds 
that of the previous interval with the highest demand, 
the pusher moves the pointer up scale to the point 
representing the new maximum demand. The pusher is 
returned to zero at the end of each interval by the action 
of the cam on a sector gear. 

P R I NCIPLE OF OPE RATION 

The following is a description of the operating 
principle of the Mark Ia demand register ( F ig. 21. 

The meter disk shaft drives the wormwheel on 
shaf� ( 1 ) .  Shaft ( 1 ) turns shaft (2) which turns shaft 
( 1 0 1 ,  the k i lowatt-hour gear train and the pointer shafts 
( 1 1 ) ( 1 2) ( 1 3) ( 1 4) and ( 1 5).  Shaft (21 also turns shaft 
(31. Shaft (3)  turns the pusher (4 1 )  on clutch shaft (6) 
through shafts ( 4) and ( 51.  

Both shafts (2) and ( 3) have two gears and pinions 
which change mesh when the scale plate is reversed to 
change class. This gives the dual range feature. As an 
example to change from Class 2 to Class 6, the scale is 
reversed and a tab on the scale when placed on the 
Class 6 side depresses shaft ( 3) which is then put under 
spring tension. This action disengages a gear and mating 

4 

pinion on shafts ( 21 and ( 31 and automatically engages a 
different gear and pinion on these two shafts. This 
change in ratios corresponds with the scale in use auto­
matically due to the contour of the scale. ( F igures 2 
and 3) . 

The time interval is established by the operation 
of a synchronous motor as it  drives thru a gear train to a 
cam which trips the clutch and returns the pusher to 
zero by its action on the sector gear (71 and the lever 
arm (431 . The operations are accomplished as fol lows: 
crown gear shaft ( 251 is turned by the output shaft of 
the synchronous motor. Shaft (251 turns shaft ( 261 , and 
the driving disk on this shaft turns shaft ( 271 which 
turns the time elapsed indicator shaft ( 301 and also has 
a driving disk which turns shaft (28) .  Shaft ( 281 drives 
the cam shaft ( 291. The cam on shaft ( 291 performs a 
dual function : 

( 1 1  I t  pivots lever arm ( 431 which disengages the 
clutch for the interval reset. 

( 21 The top outer surface of the cam depresses the 
spring on the sector gear ( 71 and drives the pusher 
( 4 1 1  on shaft (61 back to zero. 

SCAL ES 

The Mark Ia is a dual range register and is available 
as Class 1 and 2, Class 2 and 6, Class 3 and 5, or Class 4 
and 8. The class change is accomplished by reversing 
the scale which mechanically changes the gear ratios to 
correspond with the scale in use. ( F ig. 31 . 

A dial multiplier with the words "Multiply all 
Readings By" is available for meters on which required. 
A second position is also available on the left hand side 
of the register for special applications where additional 
multipliers or information is desired. 

In special cases where a customer has standardized 
on a given demand scale (Example: 0-2.0 KWI, the scale 
plate is not reversed to change the scale class. Instead, a 
special mu ltiplier tag is reversed which accomplishes the 
gear shift requ ired and shows the new demand multiplier. 

The base speed of the following 0-line meters on 
which these registers are used is either 1 000 r.p.h. or 
500 r.p.h., and the disk shaft has a single lead worm 
that meshes with a 1 00-tooth wormwheel. Listed in the 
tahles W�- 7 )  are some typical register ratios ( Rr). wat t· 
hour constants ( Khl . and their corresponding demand 
scales. 
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For Meters with Base Speed 1000 r.p.h. For Meters with Base Speed 500 r.p.h. 

Full Scale Reading Full Scale Reading 
Kilowatts • Kilowatts • 

Am· �lass 6 Volts peres Stator1 Kh Rr Class 2 Class 3 Class5 
Am-

Volts peres Stators Kh Rr Class 2 Class 6 Class 4 Class8 

1 20  2.5 1 .3 333 1 13 1 2 .75 1 . 5  1 20  2.5 2 1 .2 83 1 /3 2 4 2.4 4.8 
120 1 5  1 1 .8 55 519 6 1 2  4.5 9 1 20  1 5  2 7.2 13 8/9 1 2  24 1 4.4 28.8 

1 20  2.5 2 .6 166 213 2 4 1 .5 3 1 20  2.5 3 1 .8 55 5/9 3 6 3.6 7.2 

1 20  1 5  2 3.6 27 7/9 1 2  24 9 1 8  1 20  1 5  3 1 Q8 9 7/27 1 8  36 21 .6 43.2 

*The Mark Ia register has 2 classes bu ilt into one 
register depending on the scale used. 

UNIVERSAL REGISTER FOR 
METERS WITH BASE SPEED 16 213 RPM 

TYPES DS.DA·D2S-D3S 
D2A·DSP·2-�7-8 DAP-

2-�7-8 D2S-2-�7-8 D2A-2-�7-8 D4SM SINGLE-PHASE 

I n  order to provide flexibility in application of 
registers to meters of any KW capacity, the "Universal" 
demand register is recommended. F or self-contained 
class 1 00 and 200 meters this is the R-166 213 ratio 
(direct reading on meters with Kh .6) with a class 216 
demand scale. This register would have a 2 KW or 
4 KW scale depending on the class setting. 

The 166 213 register ratio is chosen because it 
provides register dial multipliers that are whole numbers 
( not fractions) on practically every type and rating of 
self-contained meter. The proper register multiplier is 
found as follows: 

Meter Constant ( Kh) 
Multiplier = --------

0.6 

I n  the case of transformer rated class 1 0 meters, 
the proper register multiplier is found as follows: 

Meter Constant( Kh)xCT ratio x PT ratio 
Multiplier = --------------­

.6 

Since Kh pri = Kh sec X CT ratio X PT ratio, this 
formula can be used: 

Kh pri 
Mu ltiplier = --­

.6 

UNIVERSAL REGISTERS FOR 
04 POLYPHASE METERS WITH 

BASE SPEED 8 113 RPM 

With the advent of the D-4 polyphase meters which 
have a base speed of 500 R .P.H. and a first reduction of 
1 00, a universal register with less gear reduction ( twice 
as fast) should be considered. For self-contained class 

7 

200 meters, this is the R
r = 83 1 /3 ratio (direct reading 

on meters with Kh = 1 . 2) with a full scale of 2 KW or 
4 KW depending on the class setting. 

The 83 1/3 register ratio is chosen because for the 500 R .P.H. meter it provides register dial multipliers 
that are whole numbers ( not fractions) on practically 
every type and rating of self-contained meter. The R r  

83 1/3  i s  direct reading on a meter with a Kh = l2. 
The proper register multiplier is found as follows: 

Meter Constant (Kh) 
Multiplier = -------

1 .2 

I n  the case of the transformer rated class 20 
meter, the R r - 83 1/3 ratio (direct reading on meter 
with Kh = 1 .2) register with a class 4/8 full scale is 
recommended. This register would have a full scale of 
2.4 KW or 4.8 KW depending on the class setting. The 
proper register multiplier is found as follows: 

Meter Constant ( Kh) x CT ratio x PT ratio 
Multiplier =---------------

1 .2 

Since Kh pri = Kh sec X CT ratio X PT ratio this 
formula can be used. 

Kh pri 
Multiplier = --

1 .2 

I n  all cases the mu ltiplier will apply to both KWH 
and KW demand readings. 

I NSTALLATION 

These registers are designed for use only on 
Westinghouse meters. They are designed to be inter­
changeable with the standard ki lowatt-hour register in 
order to convert from a standard ki lowatt-hour meter 
to a demand meter. 

The registers are adjusted and checked for accur­
acy of registration at the factory and are ready for 
immediate installation. However, to insure that the 
register has not been damaged in shipment and that the www . 

El
ec

tric
alP

ar
tM

an
ua

ls 
. c

om
 



MARK Ia DUAL RANG E DEMAND R EGISTE R  ____________ _ l .l .  42-302. 1 1 8 

necessary parts have been received for field conversion, 
the fol lowing procedure should be fol lowed : 

1 .  U npack the register with care. 

2. I nspect the register as fol lows: 
a. Check the nameplate mou nted on top of re­

gister back plate to i nsure that the register is 
correct for the meter with which it is to be 
used. Check the meter class vs R egister Ful l  
Scale to verify that register KW full scale 
corresponds with the thermal  capacity of the 

meter. F or instance, a Class 200-240 volt, 2 
stator polyphase meter would have a thermal 
capacity of 200 x 240 x 2 = 96 KW. The 
correct matching register for this meter should 
have a fu l l  scale of 96 KW. 

b. Check a l l  shaft assembl ies for end play and 
gear mesh. 

c. If it is desired to check the calibration, proceed 
as outl ined u nder Testing Wanhour Demand 
Meters and Testing Demand R egisters. 

3. Remove K i lowatt-hour register and attach leads 
to meter potential term inals. The leads are fur­
n ished with the proper connectors so that any 
d isassembly of the meter proper or soldering is 
e l iminated. This  is true for a l l  meters except the 
3-wire, single-phase meter which is not recommend­
ed for field conversion. 

4. On 1 20-volt meters, the M ark Ia is furnished with 
a 1 20-volt motor and on 240-volt meters the Mark 
Ia is furn ished with a 240-volt motor. The 240-
volt motor w i l l  operate between 200 and 300 vo lts 
and is adequate for 277-volt appl ication. On 480-
volt meters, a 240-volt motor and 240-volt reactor 
coi l  are u sed . 

Wiring drawings for the installation of leads and 
reactors are shown in F igures 1 0  through 25.  A l l  
A-base polyphase meters above Serial No.  53,980, 
OOO are shipped equipped w ith Demand Motor 
Leads. 

5. I n  the place of the k i lowatt-hour register, instal l  
the new M ark Ia register. N o  changes are neces­
sary in the meter proper. 

6. Connect the leads to the motor. 

7.  Apply rated vol tage and see that motor functions 
correctly. 

8. R echeck complete meter on fu l l  load and l ight load 
adjustment. A sl ight l ight load adjustment m ight 
be necessary to compensate for the additional 
friction load of the mechan i sm.  While this adjust-

8 

ment is being made, the demand pointer should be 
up scale so that it is not being driven when 
calibrating the meter. This corresponds to actual 

operating conditions as it is very un likely that 
max imum demand wil l  occur when the meter is 
operating at very low loads. 

9. A pply demand type cover. F or rAark Ia, check to 

see that reset wire is the proper length. 

1 0. I nstall complete meter in service as usual for 
wanhour meters. 

ADJUSTM ENTS AND MAINTENANCE 

GENERAL 

Mark Ia demand registers are constructed of com­
patible materials and designed to give maximum trouble­
free service. The design is such that preventative main­
tenance is easily performed and shou ld failure occur, 
the register can be repaired with minimum difficulty. 

CLEANING THE REGISTER 

The Mark Ia register can be ultrasonically cleaned. 
The following procedure is recommended for this clean­
ing. 

1 .  R emove the motor from the register by removing 
the two screws in the backplate holding the motor 
in. The motor is then pushed upward and brought 
out through the top of the register by rotating 
slightly around the crown gear shaft No. 25. 

2. The register can now be ultrasonical ly cleaned. 

CAUT I ON : I n  order to avoid trapping cleaning 
solutions in the over-rides and with some clean­
ing solutions causing corrosive action, the clutch 
should be propped open and rinsed properly. A 
toothpick or paper clip can be used to prop the 
clutch open. 

U ltrasonic cleaning is an art and science in itself, 
and its' success or fai lure in many cases is related to the 

understanding of the subject and equipment by those 
who are responsible for its use. For instance, a know­
ledge of the following variables is essentia l :  effects of 
frequency, power density, tank size, holding fixtures or 
basket design, solution contam ination, attitude of parts 
to be cleaned, type of soil  to be removed, cleaning agent 
concentration and its effects on the particu lar metals, 
plastic or fibers in the apparatus, time element to achieve 
satisfactory cleaning without damaging the components 
of the apparatus, the number of parts to be cleaned vs. 
the power level. 

I t  is also important to real ize that after the registers www . 
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have been ultrasonically cleaned the parts are chemically 
clean and subject to gal l ing; therefore, either a final dip, 
rinse, or appl ication of a lubricant is recommended. O ne 
such lubricant solution for dipping or rinsing which is 
very satisfactory consists of .373 grms. lithium stearate 
per l iter of denatured alcohol ( .031 ounces per gallon). 
An alternate method of applying a lubricant would be 
to use powdered l ithium stearate and apply to the bear­
ing su rfaces with a small artist brush. T hese materials 
are available from any chemical supply house. 

A typical example of an ultrasonic cleaning process 
found to be satisfactory for Mark registers by Westing­
house using an ultrasonic cleaner with the fol lowing 
capacity is as fol lows: Average power output 1000 
watts . peak output of 2000 watts - nominal frequency 
of 20 KC (variable from 18 to 20 KC) and a cleaning 
tank of 2-gallon capacity. 

* *  

1. Suspend register i n  a solution of B endix 25-1 
(2 ounces per gallon water) heated to 140 to 
150 degrees F ahrenheit and ultrasonically agitate 
for one minute. 

2. R inse in hot, running tap water for 30 seconds. 

3. U ltrasonical ly  rinse in hot, clean tap water 30 
seconds. 

4. Blow with clean compressed air until all signs of 
water are removed. 

5. Dry in 100 degrees Centigrade ( 212 degrees 
Fahrenheit) oven for 5 minutes. 

6. All ow to cool to room temperature. 

7. D ip in an alcohol-lithium stearate solution 0.373 
grams l ithium stearate/l iter denatured alcohol 
( 0. 031 ounces per gallon) . 

8. D rain over the l ithium stearate solution until 
dripping ceases. 

9. H ang to dry at room temperature for 10 to 15 
minutes. 

* *Cleaner Concentrate, Pioneer Central Division, Bendix  
Aviation, Inc., Davenport, I ow a. 

Where the ultrasonic method of cleaning is not 
used, the following cleaning procedure is recommended. 

1 .  Disassemble the register completely as described 
under Disassembly of R egister. 

2. Each component should be cleaned with a good 
grade of clock cleaning fluid and rinses such as 
L & R solutions. 

9 

3. D ry al l parts thoroughly after cleaning. 

4. R eassemble the register as described under R e­
assembly of R egister. 

5. Apply lubricant as described under Ultrasonic 
Cleaning. 

CHECK ING THE MOTOR 

Since the motor gear reduction is completely 

enclosed and running in a good grade of oi l ,  it should 

not require cleaning. Instead, it  is recommended that 

the motor be tilted so that the oil wi l l  drain down under 

the oil fi l ler screw. Use a syringe to put oil in the motor. 

I nsert it in the oil fi l ler hole. Try to draw out the oil. 

When the motor contains the recommended 1-1/2 cc 
of oil ,  it is only possible to draw 6/10 to 8/10 cc with 

the syringe. The remainder is trapped in the bearings 

and l ubricating clearances. If oil can be drawn up in the 

syringe or if it can definitely be establ ished that there is 

oil in the motor and it is clean, then put this oil back i n  

the motor a nd  replace the o i l  fi l ler screw. This should 

be al l the service necessary for the motor. If oil is dirty, 

indicating wear, motor should be replaced. 

DISASSEMBLY O F  REGISTER 

The following procedure is recommended for the 
disassembly of the Mark Ia register. An assembly block 
such as shown in F igure 4 facil itates the disassembly of 
the register. 

By placing the register mounting bayonets in a 
meter, meter frame, or in a block the following parts 
can be removed (See F ig. 1 for Plates) : 

1. Demand Pointer. R emove the spring tension screw 
and then the two screws holding the pointer 
protective bracket and spring. Remove spinner, 
demand pointer, and fibre washer. 

2. Scale. Remove the screws holding scale to dial 
plate. 

3. Pointers. Using a pointer puller, Style No. 
285A555H01, or large screw-driver with paper 
protecting the dial , remove pointers from ends of 
shafts being careful not to scratch the dial. 

4. Multiplier Tag. Remove screw and take off or 
loosen screw and push tag up and lift off. 

5. Motor - Terminal Block - Bac.L_Piate . Put reg­
ister face down in assembly blfr:k. Remove 5 
screws and take back plate, motor and terminal 
block assembly off. Remove No. 25 shaft 
assembly. www . 
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CAUT I ON : Place back plate down o n  bayonet 
side to prevent damage to the worm wheel. 

6. Worm Wheel (No. 1 Shaft). Turn screw unti l flat 
on screw head al lows shaft to be removed. 

7. Nameplate. Remove two screws. 

8. Ratio Plate - Dual Range Spring. Remove No. 2 
shaft. R emove 3 screws holding ratio plate and 
dual range spring and l ift plate off. The following 
shafts can now be removed: No. 3, N o. 4, N o. 1 0, 
and No. 1 1  shafts. 

9. Middle Plate. R emove 4 screws holding midd le 
plate and l ift off. The following shaft assemblies 
can now be removed: ( 27) , ( 28) , ( 29) , ( 30) , ( 26) . 
( 5) .  and clu tch shaft (6) .  

The clutch shaft can be completely d isassembled 
by removing the retaining rings on the front, 
m iddle, and rear of the shaft. 

1 0. Sub Plate. Remove spacer, one screw, and l ift 
plate off. The following k i lowatt·hou r shafts can 
now be removed : ( 1 1 ) . ( 1 2) , ( 1 3) , ( 1 41, and ( 1 51 .  

1 1 . Sector Gear. Remove the retaining r ing and lift 
off. 

REASSEMBLY OF R EGISTE R 

The Mark Ia can be reassembled as fol lows: Again 
an assembly block as shown in F igure 4 faci l itates this 
assembly. Appl icators, Style No. 1 960343, are available 
for applying retaining rings to shafts (See F ig. 1 for 
plates) . 

1 .  F ront Plate (Dial ) 
Place plate face down in assembly block. Put the 
sector gear ( 7) on its front plate pin. It is not 
necessary to apply retaining ring at this time. Put 
the following shaft assemblies in their bearing holes 
in the front plate with the long tapered pivot end 
thru the plate: ( 1 1 ) ,  ( 1 21 ,  ( 1 3) ,  ( 1 4) , and ( 1 5) .  

2. Sub Plate. 
Put su b plate on posts and guide shafts into bearing 
holes. Put screw in and tighten. Put spacer over 
post. 

3. Clutch Shaft (6) 
If the clu tch shaft was disassembled use the follow· 
ing procedure for reassembly: 
a. Put rear retaining ring into one of the inboard 

four grooves. Gu ide the spring centering spacer 
over the shaft with small diameter to the front. 

b. Place spring over shaft and guide on shoulder 
of spring centering spacer. 

1 0  

I . L .  42-302. 1 18 

c. Place rear assembly on shaft, compress spring 
and apply center retaining ring. 

d. Place front assembly on shaft and apply front 
retaining ring. 

4. Cam Shaft No. 29 

Put this shaft in the front plate with the gear 
toward the rear of the register. Make sure small 
spring is on front end of shaft. 

5. Interval Gear Train 

Assemble in the following order ( F ig. 2) : 
a. N o. 26 shaft, put in with the driving disk and 

pins closest to the front plate. 

b. No. 30 shaft. ( I nterval I nd icator) put in with 
the long tapered pivot end through the front 
plate. 

c. No. 27 shaft, put in with the driving disk and 
pins toward the rear of the register. 

d. No. 28 shaft, put in with the gear toward the 
rear of the register. 

6. O rient disk and pins in neutral position and 
position cam shaft as shown in F igure 5 ( b) .  
This position wil l  facil itate the assem bly of the 
m iddle plate and trip lever. 

7. Middle Plate. 

G u ide the m iddle plate assembly into position 
mak ing sure the prongs of the lever are located 
between the d isk and the gear on the ( 6) clutch 
shaft. Put four screws in and tighten down. The 
cam should be in the second neutral position as 
shown in F igure 5 ( b) .  The second neutral position 
facil itates the assembly of the middle plate. 

8. No. 10 Shaft 

Keep register face down in assembly block and put 
No. 1 0  shaft in its front plate bearing hole. The 
other end of this shaft wi l l  have the gear on the 
outside of the middle plate and the shaft wi l l  go 
thru the cut out section of the plate. 

9. No. 5 Shaft 

Put this into its bearing hole in the front plate thin 
gear closest to the front plate. 

1 0. No. 4 Shaft 

Put this into its bearing holes in front plate so that 
large gear is closest to the front plate. www . 
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1 1 . No. 3 Shaft (Dual Range Shaft) (Fig. 3) 

Put the long end of the shaft thru the hole in the 
m iddle plate and into the bearing hole in front 
plate. 

1 2. No. 1 1  Shaft 

Put this shaft into its front plate bearing hole with 
the long tapered pivot end through the front plate. 

1 3. Ratio Plate 

Put plate in its relative position and put each shaft 
in its bearing hole. Put 2 screws in right hand side 
and the flat spring goes under the 3rd screw on the 
left hand side. Center the spring over pivot of dual 
range shaft and tighten screw. 

14. No. 2 Shaft 

Put the end of the shaft which has three gears on 
it in the bearing hole of the middle plate and 
meshing with gear on dual range shaft. F or some 
ratios it may be necessary to pull  back on N o. 3 
shaft to al low the pivot of the No. 2 shaft to go in 
its bearing hole. 

15. No. 25 Shaft (Crown Gear) 

Put this shaft in its bearing hole in the sub plate. 

1 6. Motor Assembly 

Lay the motor in its proper position resting on the 
m iddle plate with the output pinion in relative 
position to mate with crown gear on N o. 25 shaft 

1 7. Bac:k Plate Assembly 

I f  No. 1 shaft was removed. put it back in bearings 
and turn the round edge of the retaining screw 
toward the back plate. 

Place back plate in proper relation to its posts 
and with worm mating with gear on N o. 2 shaft, 
and seat the crown gear shaft in its bearing hole in 
the back plate. 

· 

Put the 5 screws, spacer, and motor-mounting 
lockwashers in and tighten down. 

18. Scale Assembly 

Put register on a meter, meter frame or assembly 
block as shown in F igure 4 with dial up.  Put scale 
in place and put screws in. 

1 9. Multiplier Tag 

----------------------------

1 3  

R eplace multipl ier tag if  u sed by putting keyhole 
slot over screw and sl iding the tag down. Tighten 
the screw. 

20. Kilowatt-Hour and I nterval Pointers 

Put large pointers on k i lowatt-hour shafts and the 
smal l  pointer on interJal indicator shaft. 

2 1 .  Demand Pointer AssemlliY 

W ith register in same position as described in Step 
1 8, assemble as fol lows: 
a. Put f ibre washer on demand pointer hub. 

b. Put demand po inter on. 

c. Put spinner on. 

d. Put protective bracket and spring on and tighten 
two screws down that hold bracket on. 

e. Put spring tension screw in and tighten enough 
to hold spinner on. 

22. Zero Adjustment 

Turn the register dial face up and gently hold 
demand pointer against the pusher at the zero end 
of the scale. R otate the zero adjusting post 
( F ig. 6) and position the demand pointer in the 
center of the zero l ine. 

23. Sector Gear Mesh Adjustment (F ig. 7 )  

Put the register in the bottoms u p  position and 

insert sector spring adjusting pin Style No. 

1 06R600H0 1 thru the hole in  the middle plate 
until it rests in the hole provided in the front bear­

ing plate. 

a. Gently hold demand pointer against the zero 
end of the scale as described under Step 22 
above. 

b. Al low spring on sector gear to rest on adjusting 
pin and gu ide teeth of sector into groove in 
pinion of (6) clutch shaft. S l ide sector forward 
on the shaft so that it can be meshed with 
pinion on the ( 6) shaft. 

c. Put retaining ring on sector pivot post. 

d. Remove spring adjusting pin from m idrlle plate. 

24. Interval I ndicator Adjustment 

The interval indicator can be set at 1 2  o'clock trip 
position by slipping small pointer on the shaft 
pivot. www . 

El
ec

tric
alP

ar
tM

an
ua

ls 
. c

om
 



MAR K Ia DUAL RANGE DEMAND R EGISTER
------------

I.L. 42-302. 1 18 

0 

-en 
� 
0' 
c 

-en 
;:::, 

·-

"'0 
� <X 
r; 

C/) .. 
i _g ! 

� 
• 
ll 

.Tfr � 
e 

0' � c 
·.: .. 
c.. • C/) ii: 

14 www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



MARK I a  DUAL RANGE DEMAND REG ISTER _____________ I . L .  42-302. 1 1 8 

, I I ,  I 

Retaining Ring 

0 

0 

0 

25. Checks to be Made After Assembly 

a. Check al l  shafts for end play. 

b. Turn the power gear train thru m anual ly by 
using the sl ip clutch on the (25) shaft. 

c. Turn the ( 1 )  shaft and deflect the demand 
pointer to ful l  scale mak ing sure the sector 
spring clears the cam for both neutral positions 
( F ig.  5) . 

26. Final Cam Setting 

0 

1 5  

Spring Adj usting Pin  

$# 106R600HOI 

Before the m iddle plate was assem bled the interval  
gear tra in was positioned so that the cam neutral 
positions were as shown in F igures 5a and 5b. To 
i nsure the best location for smooth tr ippi ng action 
and proper open-time, the fol lowing check should 
be made. 
a. R otatJ the ( 1 )  shaft unt i l  the demand pointer 

is deflected to the off-scale ( pegged) position. 

b. R otate the ( 25) shaft unt i l  the cam is in  the 
first neutral position as shown in F igure 5a. 
Check to see that the sector spring is almost 
i n  contact but not putting pressure on the 
forward edge of the cam . www . 
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MAR K Ia DUAL RANG E DEMAND R EG ISTE R  

TEST 

WE I GHT 

c. In the event it is necessary to make an adjust· 
ment in the neutral position of the cam the 
following procedure should be followed: 
1 )  Push the cam shaft forward compressing the 

coil spring until the pinion is demeshed from 
its mating gear on the ( 28) shaft. 

CAUT ION . When pushing the cam forward 
in order to demesh make sure the lobe on 
the cam is not in a position to h it the large 
gear on the left hand ki lowatt hour shaft. 

2) With the gearing demeshed, the cam can be 
rotated in the desired direction. 

3) Once the gear teeth are d isengaged and 
rotation has commenced the pressure on the 
cam shaft can be released . The coi l  spring 
will  snap the pinion back in mesh on the 
next tooth thereby insuring only one tooth 
rotation. 

4) After rotating one tooth recheck the clear­
ance between the lobe of the cam shaft and 
the sector spring per steps a and b, Pg. 1 5. 
C heck the smoothness of operation by ad· 
vancing the ( 25) shaft clutch manually and 
trip the (6)  clutch . 

27. Clutch Open-Time Check 

I f  the cam has been set as outlined in Step 26 the 

open-time should be between 2 and 5 seconds. I f  
the open-time 1 s  outside the 2 to 5 second range, 
the cam and sector probably needs to be shiftecl 
as out l ined in Step 26.  The open-t ime is checked 
with a stop watch as follows: 

I. L. 42-302. 1 1  B 
------------------------

f' I GURt 8A 

f' I GUitE 8B 

16 

T ORQUE 

ADJUS T I NG 

SCREW 

� PO I N/ 
�·=:(' 

TEST WE I GHT 

S/1 284A400G01 

a. Turn the first ( 1) shaft and deflect the pusher 
( 4 1 )  up scale. 

b. With the motor energized, advance the demand 
gear train until the clutch is just before tripping 
as indicated by the interval indicator. 

c. The open-time is measured between the time 
the pusher ( 4 1 1  drops back to zero and the 
clutch d isk on the (6) shaft moves forward. 

28. Demand Pointer Spring Tension Adjustment 

The spring tension on the demand po inter is ad­
justed by using test weight Style No. 284A400G01 

in the following manner. See F igure 8A and 88. 

1 .  H old register in  i ts normal operating position 
and make su re pusher is at zero. 

2. Mount test weight to demand pointer and 
locate the right hand edge of weight with the 
vertical line as shown in F igure SA. The pointer 
should slip down scale to a lower reading. ( I f  
pointer does not fall then turn counterclock­
wise on the torque adjusting screw u ntil pointer 
does fall) . This insures that the sl ip torque is 
below the max imum al lowable. 

3. Push demand pointer back to the horizontal 
position and slide test weight so that the left 
edge is in l ine with the vertical l ine as shown in 
F igure 88 . This insures that the slip torque is 
above the minimu m  requ irement. ( I f  pointer 
slips, it will  be necessary to turn clockwise on 
screw until pointer does not slip and then re· 
check Step 2.1 www . 
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MARK Ia DUAL RANGE DEMAND REG ISTER 

29. Clutch Shaft Safety Check 

The c lutch on the ( 6 )  shaft can be g iven a two to 
one safety check by positioning the test weight 
as shown in F igure 8a. If by turning the f irst ( 1 )  
shaft i n  the register the pusher wi l l  rotate the 
demand poi nter and advance the test weight 
through the horizontal ,  then the clutch has at  least 
a two to one safety factor. 

30. Testing Watthour Demand Meters 

The same method of test employed for correspond­
ing watthour meters are used when testi ng demand 
meters. H owever, when cal ibrating demand meters, 
the t imina motor shou ld be running and the 
register meshed. The demand pointer shou ld be 
set at a position such that it w i l l  not be advanced 
by the pointer pusher at any time during the test. 

TEST I NG DEMAN D  R EG I ST E R S  

1 .  Mechanical Over-all Test Device 
1 1 0C1 74G01 

Serial No. 

The best way to check the register ca l ibration is 
by means of a constant speed device such as 
1 1 0C 1 74G 0 1 . 

The test device simulates a meter operating 
u nder constant load. The register can be driven at' 
a speed corresponding to meter speeds of 1 6- 2/3, 
33- 1 /3, and 66-2/3 rpm. This device has a shaft 
driven by a synchronous motor and three different 
worms to g ive the speeds i nd icated above. 

The device is connected to a 1 20-volt source and 
the toggle switch is put i n  e i ther the 1 20V or 
240V position depend i ng u pon the voltage of the 
register motor. T he register is mounted i n  the 
desi red position and the motor leads coming from 
the binding posts on the left of the device are 
connected to the motor terminal  block of the 
register. Vary i ng frequency has no effect since 
both the test device drive motor and the t iming 
motor in the register wi l l  change equal ly.  T he 
three speeds are used to check the fu l l  load point 
and m u ltip les thereof. Therefore, this  device wi l l  
check a l l  c lasses and three poi nts of  the  scale. 

The actual  i nd ication of a M ark II register may be 
computed by using the fol lowing formu la. 

KW R eading = 

6 X Test D evice Setti ng 
( 1 6-2/3, 33- 1 /3, 66-2/3) 

R egister R atio 

2. Portable Gear Checker 1 1 1 C21 7G01 

This device shown in F igure 9 is designed for a 
qu ick check on the k i lowatt demand gear trai n  
with respect t o  the interval t iming gear trai n  

1 7  

I.L. 42-302. 1 1 8 

( exclusive of motor gearing) . I t  is designed to 
check the fu l l  load point of a l l  Mark Ia registers 
regardless of interval or register ratio. 

Operation 

D isconnect the motor leads and remove register 
from meter. M ou nt register checker bayonets in meter 
and tighten screws. Mount the reg ister in the checker. 
This  automatical ly engages the worm wheel of the 
register with the gear on the checker. Now pu l l  the top 
of the checker (which is mounted on pivots) down on the 
register so that gear "A" on checker meshes with the 
overrid ing gear on the No. 25 shaft of the register. Push 
the latch on the front of the register checker under the 
post on the register to hold the checker in mesh. T u rn 
the handle on the checker clockwise unt i l  the i nterval  
indicator on the register shows that the clutch is about to 
trip. E nergize the motor and a l low the motor to trip 
the clutch. R eset the demand pointer  by hand below 
the point on the scale which is to be tested. Turn the 
handle advancing the gear tra in  manual ly until the 
interval indicator shows that the clutch is aga in  about to 
trip. A l low the motor to trip the clutch. Tai<e the 
ex isting read ing on the KW demand scale. T he checker 
has a high ( H )  and low ( L )  deflection and is set by sh ift­
ing a ratio p late that engages the desired gear tra in.  Two 
register checkers are ava i lable depending on the desired 
deflection. 

1 1 1 C2 1 7G 0 1  

1 1 1 C2 1 7G 04 

Low R ange Deflection = 1 00 
(Test KW) R r  

H igh R ange Deflection = 200 
( 200% Test KW) Rr 
Low R ange D eflection • 200 
( 2000/o Test KW) R r  

H igh R ange D eflection = 4 00 
( 400% Test KW) � 

A 

Fig. 9 G•ar Ch•ck•r for Mark I a  Reg ister Style No. 
I I I C2 17GO I www . 
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MARK I a  DUAL RANGE DEMAND R EG ISTE R  ____________ _ I .L.  42-302. 1 18 

''• JO D4SM·3 Wire Self Contained. 240V. 

( 1 20V Reg. Motor). 

Fig. 12 · DSM & D2SM 2 Wire Trans. Type, 240V. 

( 120V Reg. Motor) .  OSM & 02SM 2 Wire 

Trans. Type, 480V. (240V R eg. Motor) .  

Fig. 14 OSM-02SM & 03SM 2 Wire Self Contained, 

240V. (1 20V Reg. Motor ) . OSM-02SM & 
03SM 2 Wire Self Contained, 480V. !240V 

Reg. Motor). 18 

F ig. 11 DSM·D2SM & 03SM-3 Wire Self Contained, 

240V. ( 1 20V Reg. Motor). DSM-D2SM & 
D3SM-3 Wire Self Contained, 480V. (240V 

Reg. Motor ) .  

Fig. 13  DSM & D2SM 3 Wire Trans. Type, 240V. 

(120V Reg. Motor) .  DSM & 02SM 3 Wire 

Trans. Type 480V. (240V Reg. Motor). 

Fig. 15 DAM & D2AM 2 Wire Self Contained, 240V. 

( 1 20V Reg. Motor) .  DAM & 02AM 2 Wire 

Self Contained, 480V. (240V Reg. Motor ) .  www . 
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Fig. 1 6 DAM & D2AM 2 Wire Trans. Type, 240V. 

( 1 20V Reg. Motor) .  DAM & D2AM 2 Wire 

Trans. Type, 480V. (240V Reg. Motor).  

F ig. 1 8 DSP-2M & D2S-2M Self Cont. & Trans. Type, 

240V. ( 1 20V. Reg. Motor) .  DSP-2M & D2S·2M 

Self Cont. & Trans. Type, 480V. (240V. R eg. 

Motor) .  

lh\ 

lb i 

Fig. 20 DS-5M & D2S-5M-30 Amp-480V. (240V 

Reg. Motor l .  

1 9  

Fig.  1 7  DAM & D2AM 3 Wire Trans. Type, 240V.,  

DAM & D2AM 3 Wire-4 Terminal Self 

Contained 240V. ( 1 20V Reg. Motor) .  

Fig. 1 9  DS-5M & D2S-5M 240V. ( 120V Reg. 

Motor ).  DS-5M & D2S·5M 480V. (240V 

R eg. Motor). 

F ig.  21 DSP-7M & D2S-7M Self Contained, 240V. 

( 1 20V Reg. Motor) .  DSP-7M & D2S-7M 

Self Contained, 480V (240V Reg Motor). 
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MARK Ia DUAL RANG E DEMAND R E G ISTER 

Fig. 22 DSP·7M & D2S-7M Trans. Type, 240V. 

( 1 20V. Reg. Motor).  DSP-7M & D2S·7M 

Trans. Type, 480V. (240V Reg. Motor). 

F ig. 24 DSP-8M & D2S-8M Trans. Type, 240V. 

(120V Reg. Motor).  DSP-8M & D2S-8M 

Trans. Type, 480V. (240V Reg. Motor).  

20 

I . L. 42-302. 1 18 

F ig. 23 DSP-8M & D2S-8M Self Contained, 240V. 

(1 20V Reg. Motor).  DSP-8M & D2S-8M 

Self Contained, 480V. (240V Reg. Motor). 

Fig. 25 DAP·2·7-8M & DA·5M & D2A·2·5-7-8M-

240V (120V Reg. Motor). DAP-2-7-&M & 
DA·5M & D2A·2·5-7-8M, 480V. (240V 

Reg. Motor) .  
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