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1.1 SCOPE 

-- - --~--------------------------

SECTION 1 

INTRODUCTION 

This manual describes the Model 51/53/51M/53M Digital Drum Plotter 

manufactured by Wang Laboratories, Inc. 

General i11formation, detailed theory of operation and maintenance 

routines are included to enable Customer Engineering personnel to ma:l.n

tain the plotter. 

Tite manual is arranged in the following manner: 

SECTION 1 - INTRODUCTION: Provides the reader with the scope of 

this manual and a general description of the plotter. 

SECTION 2 - INSTALLATION: Contains unpacking and installation 

instructions for the plotter. 

SECTION 3 - OPERATION: Describes the function of all operator 

controls and indicators including the basic 2200 CPU 

operations for outputting data. 

SECTION 4 - THEORY OF OPERATION: Contains descriptions of the 

mechanical assemblies and the printed ci~cuit board 

electronics. 

SECTION 5 - ADJUSTMENTS, REMOVAL AND REPLACEMENT PROCEDURES. 

SECTION 6 - MAINTENANCE: Includes di.agnostics, preventive main

tenance and troubleshooting tables. 

SECTION 7 - ELECTRICAL SCHEMATICS: Contains a complete set of 

schematics, wiring and interconnection diagrams. 

SECTION 8 - MECHANICAL ASSEMBLY DRAWINGS: Allows the user to iden

tify any part of the plotter. 

1.2 DESCRIPTION (~EE FIGURE 1-1) 

'lbe Digital Drum Plotter is available in the following configurations: 
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MODEL DESCRIPTION MARKETED AS 

51 SINGLE PEN ENGLISH UNITS 2272-1 

53 TRIPLE PEN ENGLISH UNITS 2272-2 

SlM SINGLE PEN METRIC UNITS 2272-lM 

53M TRIPLE PEN METRIC UNITS 2272-2M 

Tile Digital Drum Plotter provides point, line and alphanumeric 

plotting capacity to any ?>bdel 2200 System that has plot capability . 

'nle drum plotter is conL,olled by an 8080 microprocessor, which 

includes a 512 byte RAM memory that is used to buffer plot information 

sent from the Model 2200 CPU. Vectors take 5 bytes; alphanumeric 

characters and plot control characters are stored as is. 

The manual control panel on the Digital Drum Plotter provides a 

number of convenient control functions which include: manual slewing 

of the pen and paper, four quadrant axis rotation selection, conveniently 

setable HOME position (X = O, Y = 0 origin) and pen and paper movement 

limits to any position on the plotting surface, plot interrupt and 

automatic return facility, and pen up override • 

Plotting is controlled with the 2200 BASIC language PLOT statement. 

The plotter has an input buffer which allows a number of plot vectors 

and alphan\DD.eric plotting data to be stored prior to plotting, thus 

providing overlap between plotting and CPU processing. The Model 2272 

Plotter has built-in alphanumeric character generation capability 

which plots a standard 64 character ASCII set in 15 selectable character 

sizes. A zero reference parameter {HOME) permits quick resetting of 

the pen and paper position to any manually set origin, either under 

nanual or program control. Additional plot codes are available to 

allow efficient plotting of prestored plot information, special· 

lettering and symbols via binary plot vectors and to perform plot 

initialization functions under program control. 

Manual controls permit setting the home position coordinate axis 

to one of four orientations acconunodating plots of many shapes. Manual 

controls also permH slewing the pen position as desired, placing the 

pen in the 'up' position and clearing the plotter buffer. 
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Both English and metric versions plot with interchangeable pens; 

the Model 2271-1 (-lM) has a single pen assembly anri the Model 2272-2 

(-2M) has an optional three pen r.arria~L' assembly. The 16 inch (40. 6 

cm) plotting axis is covered by a cable driven pen assembly; the 160 

inch (406 cm) axis is operated by the pinfeed paper mechanism. The 

English version drum plotter supports approximately 3200 i,,,..remPnts 

of pen movement in the left-right direction (16 inches x 200 steps/ 

inch) and 16383 increments of paper movement in both the forward and 

reverse direction if HOME position is not reset; there is no restriction 

on paper movement if HOME position is reset. The metric plotter has 

approximately 4064 increments in the left-right direction and 16383 

increments of paper in the forward-reverse direction if HOME position 

is not reset. 

The standard plotter (metric or English) is 100% compatible with 

the 2212 protocol except that 64 ASCII plotting characters are supported 

instead of 48. Options will include a three pen carriage assembly, 

additional microcode (PROM) chips to support expanded built-in plotting 

functions and an automatic paper roll feed handler which will 100unt on 

the rear of the plotter. 

The plotter connector is designed to connect to the 2221W 1/0 

controller board in the 2200 chassis. The plotter drum supports 18 

inch (45.72) wide platen fed paper [17 1/2" (44.45 cm) pin to pin] 

which rolls forward and backward over the drum. 

1.3 MODEL 2272 TECHNICAL CHARACTERISTICS 

Plotting Rate: 

(English) 

Plotting Rate: 

(Metric) 

Plotting Area: 

1.5 inches/sec to 4.5 inches/sec 

vertical or horizontal 

1.5 inches/sec to 6.4 inches/sec 

diagonal 

3 cm/sec to 9 cm/sec vertical or 

horizontal 

3 cm/sec to 12.7 cm/sec diagonal 

16 inches (40.6 cm) wide by unlimited 

length 
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AlphantDDeric Plotting: 

Programmable Control Codes: 

Plotting Increment: 

Plotting Accuracy: 

Paper Dimensions: 

Pen: 

Manual Plotter Controls 

and Indicators: 

Dimensions: 

Operating Temperature: 

Humidity: 

64 UASCII Characters, 15 Selectable 

Character Sizes and Variable inter

character spacing 

See Append ix A 

.005 inch per step 

.01 cm per step 

.01 inch + .1% per inch of plotting distance 

cm + .1% per cm of plotting distance 

Continuous perforated roll paper (18" edge 

to edge, 400 ft) 

Ball point, fiber tip, technical ~nk pens. 

On - Off switch 

Mode Selection - 3 pushbuttons (PLOT, 

SLEW, SET HOME/LIMITS) 

Manual Slew Control - 5 pushbuttons 

(+, ~. +, +, HOME) 

Axis Rotation Selection - 4 pushbuttons 

Pen Up Override - 1 pushbutton 

Clear - 1 pushbutton 

Run Indicator Light 

Height: 

Width: 

Depth: 

10.2 inches (26 cm) 

33 inches (84 cm) 

14 inches (36 cm) 

50° to 90°F" (10° to 32°C) 

30 to 80% Relative, non-condensing 

1-5 



Power Source: 

Weight (Approx.): 

Storage Temperature: 

Storage Humidity: 

50/60 Hz ~ 1/2 cycle 

115 or 230 VAC +10% 230 WATTS 

Internal Selection (See Section 6) 

90 lbs. (41 kg) 

-40° to 130°F (-40 to 55°C) 

0 to 90% Relative, non-condensing 
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2.1 SITE C,ONSIDERATIONS 

SECTION 2 

INSTALLATION 

The ventilation fan intake screen should not be obstructed by any 

objects which could reduce nor111al airflow. r.onsideration should be 

given to paper stacking in front of and behind the plotting surface. 

For environmental temperature, humidity, etc., see Technical Character

istic in paragraph 1.3. 

2.2 UNPACKING PROCEDURES 

1) Open packing carton by cutting tape on seams. 

2) Remove top section of instapack. 

3) Lift printer out of box and place on table • 

4) Remove tape from carriage assembly. 

2.3 UNIT INSPECTION PROCEDURE 

1) Remove side covers and electrical chassis (Section 5.3.11, 5.3.12). 

2) With the interior completely visible, inspect all parts of the 

plotter. Look for any unusual conditions. The following list is 

a suggested procedure. If any faults are found that require re

placement or adjustment, refer to Section 5 of this manual. 

WARNING 
No power is to be applied to the plotter 
during this inspection. 

(a) Check for damaged or loose parts • 

(b) Check for printed circuit boards loose in their connectors. 
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(c) Check the cable connectors and fingerboards to insure they 

are firmly seated in their sockets. 

2.4 OPERATOR CONTROLS AND INDICATORS 

2.4.l CONTROL PANEL (FIGURE 2-1) 

NOTE: 

Refer to Section 3. l for more detail. 

POWER ON LAMP: Illuminates when power is on. 

RUN LAMP: Illuminates when plotter is in PLOT mode and processing plot 

vectors and characters. 

PEN SWITCH: Forces pen(s) into \lllconditional "up" position when switch 

is depressed. When switch is up, pen is \lllder program control. 

HOME SWITCH: Move pen and carriage to currently selected home position. 

CLEAR SWITCH: When plotter is in slew 100de or set home/limits mode 

and the CLEAR switch is depressed, the plotter buffer is cleared. 

The clear switch is inoperative when the plotter is in the plot 

mode. 

Lx SWITCH: 0 degree axis rotation. 

rx 
Y SWITCH: 90 degree axis rotation. 

x 
l_y SWITCH: 180 degree axis rotation. 

rY 
X SWITCH: 270 degree axis rotation. 

SET HOME/LIMITS MJDE SWITCH: When depressed, operator can reset Home 

position and the pen and carriage movement limits. 

SLEW MODE SWITCH: When depressed, operator can manually position pen(s) 

left or right and move the paper forward or backward using direction 

switches (...,, +, +, +,) and Home po si t·ion switch. 

PLOT MODE SWITCH: When depressed, plotter input is controlled by CPU. 
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FIGURE 2-1 CONTROL PANEL 

• 

FIGURE 2-2 REAR VIEW OF PLOTTER 
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2.4.2 REAR OF UNI'l.' (FIGURE 2-2) 

ON/OFF SWITCH: Switch AC power to unit located on lower backside of 

plotter. 

MAIN FUSE: 3 amp (SB) 250 volt fuse for 115 VAC or 1.5 amp (SB) for 

230 VAC which fuses entire unit. 

I/O CONNECTOR: 36 pin amphen.ol connector to connect plotter to CPU 

using an I/O cable. 

2.4.3 PLOTTER U?.UM 

PAPER SPROCKET ADJUSTMENT KNOBS: Adjust sprocket for proper paper width. 

2.5 DYNAMIC CHECKOUT 

1) Connect power cord to 115 or 230 volt outlet as specified. Insure 

that unit has the proper input. 

2) Connect I/O cable to the I/O connector on rear of the plotter and 

the connector on the 7079 I/O control card in CPU for 2200S/T units; 

connect I/O cable to the plotter and to printer connector on the 

2200E/F units. 

3) Load paper. 

(a) Open sprocket covers. 

(b) Fit the feed holes of the paper into the pins of the sprocket 

wheels and close the covers. 

4) Turn power on. 

5) Insure that cooling fan is running. 
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3.1 CONTROL PANEL 

3.1.1 RUN LAMP 

SECTION 3 

OPERATION 

The run lamp is an LED which illuminates when the plotter is 

processing plot vectors and characters in the PLOT mod~. It is 

extinguished when the plotter is not plotting because there is either 

no more information in the buffer to plot or the user has interrupted 

plotting by placing the plotter in the SLEW mode or the SET HOME/LIMITS 

rode. 

3.1.2 PEN SWITCH 

The pen switch tmconditionally forces the plotter pen(s) into the 

UP position when the pen switch is depressed. The CPU program controls 

the pen(s) when the pen switr.h is up • 

3.1.3 HOME SWITCH 

When the HOME switch is depressed, the pen and carriage will be 

moved at maximum ramp rate to position the currently selected pen at 

the currently selected home position. When power is first turned on, 

hCllle position is initially set to a default value of current drum 

rotation position and pen 1 centered on its axis. 

3.1.4 CLEAR SWITCH 

The plotter buff er is cleared when the plotter is in the slew mode 

or set home/limits m:>de and the CLEAR switch is depressed. That is, 

all plot vectors and commands currently stored in the plotter buffer 

but not yet executed will be cleared without being executed • 
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3.1.5 PLOT AXIS SELECTION 

A set of four ganged pushbuttons are used to manually set the 

desired orientation of the X and Y plot axis on the drum plotter. 

Axis rotation is controlled by the 8080 microprocessor used in the 

plotter. 

y 

Lx 

The following X and Y plot axis combinations are used: 

+X = Pen Right Movement 

+Y = Paper Out Movement 

+X = Paper Out Movement 

+Y = Pen Left Movement 

+X = Pen Left Movement 

+Y = Paper In Movement 

+X = Paper In Movement 

+Y = Pen Right Movement 

3.1.6 SET HOME/LIMITS MODE SWITCH 

When the SET HOME/LIMITS 100de switch is depressed, the operator 

can reset: HOME position, left and right pen movement limits, and the 

in and out paper movement limits. The HOME position represents the 

X = O, Y = 0 axis of a graph. The movement limits represent the points 

beyond which the pen and paper are not allowed to move on a plot. 

Any plotting vectors sent by the 2200 which go beyond the currently 

defined limits will be truncated automatically •. It is also important 

to have these limits theoretically defined on the drum plotter since 

it moves at high (ramped) speeds and encountering mechanical limits at 

these speeds could result in loss of current position accuracy. 
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When in SET HOME/LIMITS UK>de, the positioning (+t++) and HOME 

pushbuttons are used to set these positions as follows: 

push 

hold down CLEAR push 

push 

hold down CLEAR push 

push 

hold down CLEAR push 

push 

hold down CLEAR push 

+ 

+ 

+ 

+ 

+ 

3-3 

Sets left pen limit to 

current position of pen 1 

Clears current left pen 

limit restores it to 

true left margin (i.e., 

mechanical left margin 

+ 6X) (6X = 3 pen offset) 

Set Right pen limit to 

current position of pen 1 

Clears current right pen 

limit, restores it to true 

right margin (i.e., 

mechanical right home) 

Set limit for paper feeding 

out to the current position 

of drum rotation 

Clears current paper out 

limit. Removes any limit 

condition. 

Set limit for paper 

feeding into the current 

position of drum rotation 

Clears current paper in 

limits. Remove any limit 

condition • 



push HOME Resets Home point (X = 0, 

Y = 0) position of pen 1 

and drum. (Adjusts all 

limits relative to this 

new reference point, this 

is transparent to the user) 

Default -- when power is first turned on the default settings 

for HOME and limits will be: 

Paper In -- No Limit 

Paper Out -- No Limit 

Left Pen Margin True left margin 

(Mechanical limit + 6X, when 6X allows all 

pens to plot within surface, i.e., offset 

for 3 pens) 

Right Pen Margin -- True right margin of plotting surf ace 

Home ~ Current Drum rotation position and pen 1 at midpoint 

position. 

The 2200 RESET will not affect margins and home. The CLEAR signal 

will clear the limits. (CLEAR must be a D.C. level.) 

3.1.7 SLEW MODE SWITCH 

When the slew mode switch is depressed, the user can use the manual 

position pushbuttons (+, t, +, ~. HOME) to position the pen left or right 

and move the paper in and out. The slew mode may be used to set the 

limits and the home position prior to plotting. One additional feature 

of slew mode is that it allows a plot to be temporarily interrupted, 

(to allow, for example, the user to slew out the paper and examine the 

plot). If the slew mode switch is depressed during a plotting operation, 

the plot is temporarily halted and the user may then slew the paper out, 

etc. When the system is returned to the PLOT mode the paper and pen 

are automatically repositioned and plotting resumes, t.mless the system 

has been CLEARED. 

L__________ ·-- ---------- ------- -
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3.1.8 PLOT MODE SWITCH 

In the PLOT mode, all control pushbuttons on the plotter control 

panel are inactive (i.e., CLEAR,~, t, +, t and HOME). This is the 

normal mode of operation when plotting is done. In the plot mode the 

plotter will only receive plot conunands from the 2200 and plot them. 

3.2 OPERATION OF 2272 VIA 2200 CPU 

3.2.1 PLOT STATEMENT 

The Model 2272 Drum Plotter is primarily controlled with one BASIC 

statement. This plot statement has the following general form: 

PLOTTER STATEMENTS 

PLOT [expr O]<[e~qir l], [expr 2] 

u 
D 

s 
c 
R 

"literal string" 

a var 

plot arg 

<[expr l],[expr 2],[plot arg]> ••• 

Example: 100 PLOT<X, Y, "VALUE">, <40, 60, A$> 

> 

Move plotting carrier 6x (expr 1) and 6y {expr 2) increments, plot [expr 0) 

times according to plot argument. 

U = pen up; D = pen down; S = set horizontal {expr 1) and vertical (expr 2) 

spaces; C = set character size; R = rest to zero; literal string, a var = 
plot alphanumeri~ labels; arg = argument; a var = alpha variable; expr = 

n\llleric expression • 
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3.2.2 2272 DIAGNOSTIC 

See Section 6.2.3. 

3.2.3 SPECIAL PLOT CODES 

The Model 2272 Plotter has a number of special plot codes which 

are useful in performing special plotting requirements such as customized 

lettering or symbol generation, generation of plots which are permanently 

stored as data and repetitively retrieved and plotted. 

The special plot codes are: 

HEX (EO) 

HEX (El) 

HEX (E2) 

HEX (E3) 

HEX (E4) 

HEX (ES) 

HEX (E6) 

HEX (OE) 

HEX (OF) 

HEX (FA) 

Binary Plot Vector 

Select Pen 1 

Select Pen 2 

Select Pen 3 

Set Home 

Power On Set Home 

Short Binary Plot Vector 

Pen Up 

Pen Down 

RESET (Return to Home) 

3.2.3.1 Pen Selection HEX (El), HEX (E2), HEX (E3) 

Pen selection is accomplished by transmitting codes HEX(El), 

HEX(E2), or HEX(E3) to the plotter to select Pen 1, Pen 2, or Pen 3 

respectively. 
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Example: 100 PLOT < ,, HEX(El)> 

100 PLOT < ,, HEX(E2)> 

100 PLOT < ,, HEX(E3)> 
...., __ --

(Select Pen 1) 

(Select Pen 2) 

(Select Pen 3) 

When the plotter is first turned on, Pen 1 is always automatically 

selected. Thereafter other pens can be selected tmder program control 

by the appropriate codes. 

When a new pen is selected, the plotter automatically does a pen 

up, moves the pen mount the appropriate offset distance positioning the 

newly selected pen to the current plotting position, and then restoring 

the pen to the previous up or down state. 

3.2.3.2 Set Home HEX(E4) 

This code duplicates the function of setting the plotter home 

position (X=O, Y=O) which can be done manually via the plotter control 

panel. The home position (X=O, Y=O) is set to the position at which 

the plotter pen and drum are currently positioned by the following 

command. 

100 PLOT < ,, HEX(E4)> 

This operation can be extremely useful when done under program 

control if for instance it is desired to do a series of plots auto

matically on successive sections of paper. When one plot is completed, 

the program can be designed to return to home on the current plot, 

position up to the next portion of paper and reset the home position 

as follows: 

100 PLOT < ,, R > (Return to Home position) 

110 PLOT 11<0, 200, U>, < ,, HEX(E4)> Move the paper out 11 inches (11 x 

200 increments) to the next plot 

area and reset the home position • 
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It should be noted that although additional plots could be made 

without resetting the home position it is good practice to RESET to 

Home position because: 

(a) It is often more convenient and flexible to utilize the return to 

home position operation in plotting programs and utilities as it 

allows more modularity in plotting subroutines. 

(b) The plotter automatically keeps track of the current position of 

the plotter relative to home. The maximum displacement allowable 

is 16,383 increments (81.9 inches). Beyond that displacement, the 

home position must be reset or erroneous plotter operation can occur. 

3.2.3.3 Power On/Set Home HEX(ES) 

This operation essentially duplicates the operation performed by 

the plotter when it is first turned on. That is: 

(a) It moves the pen m::>unt to the right until it encounters the mechan

ical right margin of the plotter and then positions the pen mount 

back to the exact center of the plotting surface for pen number 1 

(8" from each nsrgin). 

(b) It selects pen 1 and retracts all pens to the up position. 

(c) It sets the home position to this point. 

(d) It sets up default limits: 

Pe~1 left margin - left edge of plotter surface 

Pen right margin - right edge of plotter surface 

Paper in limit - no limit 

Paper out limit - no limit 

Prior to plotting, the major manual requirement that remains is 

merely to insure that the paper is fed out to the proper positfon and 

the axis rotation is properly set. 

3-8 
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Example: 100 PLOT < ,, HEX(ES) > 

3.2.3.4 Binary Plot Vector (EO), Short Binary Plot Vector (E6) 

The 2200 PLOT comnand provides the 100st generally useful means of 

controlling the plot vector since it operates to conveniently allow 

BASIC numeric variables and expressions to specify plot vector incre

ments. However, it can be occasionally useful and efficient to store 

and transmit plot vector pen/paper movements in a compressed binary 

format. This could be useful when doing special lettering, symbol 

generation, or if it is desired to use a prestored set of plot vectors, 

for example, to generate an axis or chart. The 2272 supports two 

binary plot vectors which allows the following character formats to 

be sent. A five character (byte) vector can specify pen/paper movement 

to±. 16,383 increments for both X and Y. A three character (byte) 

binary plot vector which can specify pen/paper movement to + 127 incre-

ments for both X and Y • 

BINARY PLOT VECTOR 

HEX (EO) x x y y 

character 1 characcers 2 and 3 characters 4 and 5 

= two-byte two's = two-byte two's 

complement binary complement binary 

representation of representation of 

6X (O to +16,383) 6Y (O to :!:,16,383) 

SHORT BINARY PLOT VECTOR 

HEX(E6) x y 

• 
character 1 character 2, character 3, 

a one-byte two's a one-byte two's 

complement binary complement binary 

representation of representation of 

6X (0 +127) 6Y (0 ±.127) 
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Plotter vector roovement can be transferred in binary format by 

either the PRINT or PLOT commands. For example: 

100 SELECT PRINT 415 

200 PRINT HEX(E000800040) (Moves the plotter l'iX=+. 64", l'iY=+. 32") 

l'iY = HEX(0040) = +64 increments = .32" 

l'iX = HEX(OOBO) = +128 increments = .64" 

or 

200 PLOT < ,, HEX(EOFE002000)> 

l'iY = HEX(2000) = +8192 increments = +40. 96" 

l'iX = HEX(FEOO) = -512 increments = -2. 56" 

200 PLOT <,, HEX(E612FE)> 

l'iY = HEX(FE) = -2 increments = .... 01" 

l'iX = HEX(l2) = +18 increments = +.09" 

It should be noted that the five character binary PLOT vector 

allows specification of vector movements up to 16,383 increments; 

the PLOT command is limited to 999 increments. 

3.2.3.5 HEX Codes for Pen Up (HEX(OE)), Pen Down (HEX(OF)), RESET (HEX(FA)) 

When using the binary plot vector, it is often useful to specifically 

place the pen up or down or RESET to Home position prior to or after the 

IOOvement. The PLOT command uses the operands U and D to indicate pen up 

or pen down and R to indicate Reset. However, when using the binary PLOT 

vector, it is necessary to express pen up or down in the hexadecimal codes 

internally reserved in the 2200 system to express these operations. These 

are: 

HEX(OE) - Pen Up 

HEX(OF) - Pen Down 

HEX(FA) - RESET to Home Position 
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The codes can be used before or after plot vectors to move the pen 

up or pen down or return to Home before or after the movement expressed 

by the vector. For example: 

PLOT VECTOR 

200 PLOT <,, HEX(OFE0008000400E)> 

or 

SHORT PLOT VECTOR 

200 PLOT <,, HEX(OEE680400F)> 

PLOT VECTOR 

200 PLOT <,, HEX(FAE000000898)> 

Pen Up 

6Y = + 64 increments 

6X = +128 increments 

Pen Down 

Pen Up 

6Y = + 64 increments 

6X = +128 increments 

Pen Down 

6Y = + 2200 increments (11") 

6X = 0 

RESET (Return to Home) 

It should be noted that in all the previous examples, binary plot 

vectors and pen control codes were specified by HEX functions. It is 

also possible and generally 100re useful to ~tore one or more binary 

vectors and pen control codes into an alphanumeric variable and use 

that as an argument in a PLOT or PRINT stateunnt to transmit the plot 

data to the plotter. There is one requirement to be met. Trailing 
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space codes, HEX(20), contained in the variable will not be transmitted. 

If a binary vector were the last item in variable, and if it's last 

byte was a HEX(20) it would not be transmitted. To insure against this, 

several approaches can be taken. 

(a) Always use a STR function to specify the number of characters to 

be sent. For example: 

100 A$ = HEX(OEE680400FFAE000000898) 

110 PLOT <,, STR(A$,l,ll)> 

(b) Always terminate a sequence by a non-binary vector code (Pen up, 

Pen down, etc.), The HEX(OO) code is particularly useful for this 

purpose since it will be ignored by the plotter (unless it is part 

of a binary vector). For example: 

SHORT BINARY VECTOR 

100 A$ = HEX(OEE6802000) 

200 PLOT <,, A$> 

or 

100 !NIT (00) A$ 

120 STR(A$,l,l) = HEX(OE) 

130 STR(A$,2,5) = B$ 

140 PLOT <,, A$> 

null termination code 

Initialize A$ to all HEX(OO) codes 

Insert pen up command 

Insert a binary vector from B$ 

Send to plotter 

In the above example A$ was first initialized to all HEX(OO) codes 

which will be ignored by the plotter, and then plot information is 

inserted in A$ via the STR function. It should be noted that STR 

function is used to insert a binary vector contained :in B$. If the 

statement A$ = B$ is used, the remaining space in A$ is filled with 

trailing space codes (HEX(20)) which will not be transmitted to the 

plotter. 
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Routine to build a five byte plot vector (EO) 

Assuming Xl and Yl are integer numeric values less than 16,384, the 

following program sequence will use the conversion subroutine to 

·form a binary plot vector followed by a pen down code and plot it, 

100 B$ = HEX(EO) 

110 GOSUB' 50 (Xl) 

120 STR(B$,2,2) = A$ 

130 GOSUB' 50 (Yl) 

140 STR(B$,4,2) = A$ 

150 STR(B$,6,l) = HEX(OF) 

160 PLOT <,, B$> 

(Put binary plot vector code into B$) 

(Convert £\X) 

(Place in B$) 

(Convert £\Y) 

(Place in B$) 

(Place pen down code in B$) 

(Send out plot vector) 

Subroutine to generate a one byte two's complement number (for 

Short Binary Plot Vector) 

100 GOSUB' 60 (Xl) 

500 DEFFN' 60 (X) 

510 BIN(A$) = X 

520 IF SGN(X) <O THEN 530:RETURN 

530 XOR(STR(A$,l,l)) 

540 ADDC(STR(A$,l,l),l) 

550 RETURN 

Xl = NtUDeric integer value between 

-128 and +127 which will be 

converted to 2's ~omplement 

and stored in A$· 

(Convert to binary) 

(Test if negative; Return if positive) 

(If negative, complement) 

(Add 1) 

Routine to build three byte short binary plot vector and plot it 

Assuming X1 and X2 are integer numeric values between -128 and +127. 

200 B$ = HEX(E6) 

210 GOSUB' 60 (Xl) 
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220 STR(B$,2,1) = A$ 

230 GOSUB' 60 (Yl) 

240 STR(B$,3,1) = A$ 

250 STR(B$,4,l) HEX(OO) 

260 PLOT <,, B$ > 

3 ~ 2 • 3. 6 Slewing 

(Store tiX) 

(Convert 6.Y) 

(Store 6.Y) 

(Place Null Code in B$ after vector) 

(Send Out Short Plot Vector) 

Slewing of the pen to the right or left will be automatically 

terminated when the currently selected pen has reached the limits of 

the plotting surface which is 16" (40.6 cm) wide. This wi:i.1 prevent 

selection of the Home position beyond the left and right limits of the 

plotting surface. 

3.2.3.7 Selection of Left and Right Limits, Home 

The selection of the left and right limits and Home position is 

based on the current position of the currently selected pen, which is 

pen 1 (the left pen) when power is first turned on. If pen 2 (the 

middle pen) or pen 3 (the right pen) is currently selected, that 

position would apply. 

When selecting a new Home position, the position selected cannot 

be outside the currently selected left, right, up, or down limits since 

pen movement beyond the limits is inhibited in plot mode. To prevent 

this, the 2272 will automatically reposition the pen to the t12arest 

currently selected limit boundary if a Home position outside the limit 

boundary is selected. The selected Home position will become that 

boundary position. Since, under most plotting circumstances, the left 

and right margins will typically remain at the boundaries of the 

plotting surface and the pen cannot be slewed beyond these boundaries 

so the selection of a new Home position should not be a frequent concern. 

With normal use of the plotter the plotting limits will typically 

be left at power on default conditions (left margin at left: bour1dary 

of plotting surface, right margin at right boundary of plotting surface, 
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no limit for paper in and out) and will not require resetting. It is 

more typical to change the position of home in conjunction with changing 

axis orientation, which can simply be done by slewing the pen to the 

desired position, going into SET LIMITS/HOME mode by depressing that 

pushbutton and depressing the HOME button. If the user is not certain 

which pen is currently selected, this can easily be established by 

slewing the pen right \llltil it stops at the plotting boundary. If the 

pointer on the pen munt points to O" on the plotter scale, pen 1 is 

selected, if it points to .5" pen 2 is selected, if it points to l" 

pen 3 is selected. Alternately the user c~n reinitialize the plotter 
,. 

to default limits and Home position (whkh. reselects pen 1) by either 

turning the plotter off, then back on again or keying the immediate 

statement 

PLOT <,, HEX(E5)> (EXEC) 

into the 2200 which reestablishes the power-on default settings • 
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SECTION 5 

ADJUSTMENT, REMOVAL AND REPLACEMENT PROCEDURES 

5.1 INTRODUCTION 

This section describes the adjustment, removal and replacement of 

each major mechanical assembly in the MODEL 51/53/51M/53M Drl.DD. Plotter. 

The electrical section contains voltage and timing adjustment pro

cedures and a listing of all the electrical component boards used in 

the Model 51/53/51M/53M Drum Plotter. 

The mechanical section contains the mechanical and electromechanical 

adjustment checks,. adjustment procedures and removal/replacement procedures. 

5.2 ELECTRICAL ADJUSTMENTS (TABLE 5-1) 

LEVEL 
OR 

SIGNAL 

+ SVR 

+12VR 

TABLE 5-1 

BOARD LOCATION MEASUREMENT ADJUSTMENT 

7073 Pin Bl' 21 + 5 volts + • 25 volts 

7073 Pin A1, 11 +12 volts + .25 volts 

NOTE: 

1. Whenever 7073 board is changed, all electrical 
adjustments must be checked. 

2. All timing pots· should be secured with Glyptal 
after adjustment to prevent any change due to 
vibrations in the printer. 

RlO 

R56 

The complement of Electrical Circuit boards used in the Plotter 

are listed in Table 5-2. Refer to Figure 5-1 for locating the position 

of electrical circuit boards on the electrical chassis assembly • 
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FIGURE 5-1 ELECTRICAL CHASSIS LAYOUT 

TABLE 5-2 

ELECTRICAL CIRCUIT BOARDS 

1. CPU 

2. RAM/PROM Memory 

PROMS 

2272-1, 2_ 2272-lM, ZM 

378-2011 

378-2012 

378-2013 

378-2014 

378-2007 

378-2008 

378-2009 

378-2010 

3. Plotter Interface 

4. Regulator and Heatsink 

5. Motherboard 

PART NUMBER 

210-7070 

210-7071 

210-7072 

210-7073 

210-7074 

5.3 MECHANICAL AND ELECTROMECHANICAL ADJUSTMENT, REMOVAL/REPLACEMENT INDEX 

5.3.1 ADJUSTMENT GUIDE 

5.3.2 PAPER GUIDE 
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5.3.3 PEN AXIS INCREMENT ADJUSTMENT 

5.3.4 PAPER DRIVE ASSEMBLY 

5.3. 5 PAPER SPROCKET AND SPROCKET COVER ASSEMBLIES 

5.3.6 PHOTOCELL/HOME POSITION ALIGNMENT 

5.3.7 CARRIAGE ASSEMBLY 

5.3.8 CARRIAGE DRIVE ASSEMBLY 

5.3.9 CARRIAGE ARM ASSEMBLY 

5.3.10 PEN/SOLENOID ASSEMBLY 

5.3.11 ELECTRICAL CHASSIS REMOVAL/REPLACEMENT 

5.3.12 SIDE COVER REMOVAL/REPLACEMENT 

5.3.l ADJUSTMENT GUIDE 

Table 5-3 is to be used as an adjustment guide. When a subassembly 

is replaced or in need of adjustment, the adjustment(s) at the top of 

the table containing an "X" must also be performed. 

TABLE 5-3 

c:: 
0 

•r-i 
.µ 
•r-i 

.µ Cl) 

c:: 0 
QJ p. 

m .µ M QJ QJ 
M QJ QJ s > C) ~ > 0 •r-i ~ "Cl 

QJ c:: QJ C) 0 ..c: M •r-i 
"Cl .... > 0 C) - "Cl C'CI 0 
•r-i or-i M ...-! c:: 
::i ti) M p. .µ ...-! QJ QJ QJ QJ 
bO or-i "Cl ti) Cl.I QJ tlO bO bO ...-! 

>< ~ C) rel C'CI rel 0 
M rel M M C) 0 •r-i or-i •r-i ti) 
QJ QJ QJ 0 .µ M M M -p. c:: p. p.. M 0 M M M c:: 
11' QJ C'CI C'CI p.. ..c: rel rel rel QJ 
p. p.. p. p.. Cl) p. (.J C) C) p.. 

paper guide * x x x x x 
pen axis increment * x x x x 
paper drive * 
paper sprocket x * x x x 
sprocket cover x * 
photocell/home position * x x 
carriage * x x x 
carriage drive x x * x 
carriage arm x * 
pen/solenoid x x x * 
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5.3.2 PAPER GUIDE (FIGURE 5-2) 

(a) Adjustment Check 

1. Surface of both paper sprockets flush ±.008" (.2 nm) with 

surf ace of paper guide over 60 degree included angle and 

within +.015 (.38 nm) over 11 degree angles. 

(b) Adjustment 

1. Loosen sprocket shaft adjusting plate mounting screws and 

center bearing in side plate hole. 

2. Loosen paper guide uw:>unting screws and move naper guide in 

appropriate direction to meet specs. 

3. If additional adjustment is required, loosen sprocket shaft 

adjusting plate mounting screws and uw:>ve adjustment plate 

in appropriate direction. 

SIDE PLATE 

ADJUSTING PLATI 

SPROCKET 
ADJUSTING PLAT! 

FIGURE 5-2 PAPER GUIDE ADJUSTMENTS 
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(c) Removal and Replacement 

, 
~. Remove side covers, electrical chassis and carriage arm 

(Section 5.3.9, 5.3.11, 5.3.12). 

2. Remove paper sprocket adjustment knob and paper sprocket 

covers. 

3. Remove paper guide mounting screws. 

4. Reverse procedure to reassemble. 

5.3.3 PEN AXIS INCREMENT ADJUSTMENT 

(a) Adjustment Check 

1. (English) Plot 3200 increments on pen axis. Measured length 

to be 16 inches +.005 inches. 

(Metric) Plot 4000 increments on pen axis. Measured length 

to be 40 cm + .01 cm. 

(b) Adjustment 

NOIE: 

It is only necessary to perform Steps 3, 4 below 
when decreasing the diameter of the drum. 
To ensure uniformity when increasing or decreasing 
the diameter of the drum, adjust both sides equally. 

1. Loosen locknut on pen drive idler pulley and turn cable 

tension adjusting screw CCW to release pen drive cable 

tension (see Figure 5-3) • 
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FIGURE 5-3 PEN DRIVE IDLER PULLEY 

FIGURE 5-4 PEN CABLE DRUM DIAMETER ADJUSTMENT 

2. To increase the diameter of the drum, remove the two lock 

screws shown in Figuii:e 5-4, then turn the jacking screws 

clockwise to desired location. When jacking is completed, 

replace the lr~king screws. 

NOTE: 

A 1/4 turn on jacking screws wi 11 change 15 11 

plotted line by +.005 inch (.13 nm)· if diameter 

is increased and by -.005 11 if diameter is de

creased. 
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3. To decrease the diameter of the drum, loosen the jacking 

screws slightly; tighten the locking screws until the desired 

diameter is met. Turn the jacking screws back in until they 

meet the opposite wall of the drum to prevent the drum 

diameter from decreasing when the cable is retightened. 

4. After adjustment is made, see Section 5.3.8 to insure proper 

cable tension. Glyptal all screws after final adjustment. 

(c) Removal and Replacement 

Refer to 5.3.8 (c). 

5.3.4 PAPER DRIVE ASSEMBLY (FIGURE 5-5) 

(a) Adjustment Check 

1. Using a spring gauge and scale, deflect the middle of the 

paper drive timing belt .31" or 5/16" (7.9 nm). The gauge 

should read 1 lb. ±2 oz. (453 gm± 57 gm). 

2. Using a spring gauge and scale, deflect the middle of the 

paper stepping motor belt .31" or 5/16" (7.9 nnn). The gauge 

should read 1 lb. ±2 oz. (453 gm± 57 gm). 

(b) Adjustment 

1. Loosen the screw holding the paper drive timing pulley and 

move in desired direction; retighten the screw. 

2. Loosen the screws holding the paper drive motor to the side 

plate and move in the desired direction; retighten the screws. 

(c) Removal and Replacement 

1. Remove side covers, electrical chassis (Section 5.3.11, 12). 

2. Remove paper drive timing pulley. 
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PAPER DRIVE PULLEY 

MF.ASURE 

FIGURE 5-5 PAPER DRIVE ASSEMBLY • 
17.5 11 

.1011 

.10"1 r-

COYER S 

FIGURE 5-6 PAPER SPROCKET ADJUSTMENTS • 
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3. Unplug paper dTive motor from electrical chassis • 

4. Remove paper drive motor mounting screw~ and slide gear 

assembly through hole in side frame. 

5. Reverse procedure to reassemble. 

5.3.5 PAPER SPROCKET AND SPROCKET COVER ASSEMBLIES (FIGURE 5-6) 

(a) Adjustment Check 

1. With each of the sprocket covers closed, there should be a 

gap between the sprocket cover and paper sprocket of .009" 

+ .003" (.22 mm+ .07 mm). 

2. The teeth of the paper sprocket should be centrally located in 

the sprocket cover slot. 

3 • 

4. 

Paper width is adjusted for 17.5" (44.45 cm) between teeth 

on paper sprockets. 

Paper sprocket teeth are aligned to feed paper perpendicular 

to the pen axis s~ the plot is square and straight within 

.005" (.13 mn) in 5" (127 Diil) and .010" (.25 llllll) in 16 11 

(40.64 cm) of plotting. (See carriege arm adjustment in 

Section 5.3.9). 

(b) Adjustment 

1. Adjust cover height with locking stop screw. Move screw down 

lllltil a .010 11 ( .25 11111) gauge begins to pinch between cover 

and the sprocket rubber. 

2. Adjust sprocket cover pivot screws to center teeth. This 

must be done to both sprocket covers. The pivot screws act 

as eccentrics to center the cover on the sprocket teeth • 
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3. Loosen paper sprocket adjustment knob and roove paper sprocket 

for a distance of 17 .5" (44.45 cm) between teeth on paper 

sprockets. Then adjust two sprocket collars for a gap of 

.10" (2, 5 um) between adjacent surfaces of the sprocket and 

the two collars. 

4. Loosen inside sprocket collar and rotate sprocket so a line 

connecting the pins from one sprocket to the othe1: sprocket 

are parallel to sprocket shaft ±.010" (,25 um). 

(c) Removal and Replacement 

1. Remove side covers and electrical chassis (Section 5.3.11, 5.3.12). 

2. Loosen paper drive timing pulley and then remove paper drive 

pulley from the paper sprocket shaft, 

3. Remove paper sprocket adjustment knob and both paper sprocket 

covers. 

4. Remove two paper sprocket cover shaft mounting screws from 

side plates and remove shaft and paper sprocket cover brackets. 

5. Loosen collars next to bearings on paper sprocket shaft and 

slide shaft out of bearings to remove. 

6. Reverse procedure to reassemble. 

5.3.6 PHOTOCELL/HOME POSITION ALIGNMENT 

(a) Alignment Check 

1. With the photo actuator pin engaged within the LED/photocell 

package there should be a clearance of .110" (.279 cm) +.015" 

(.038 cm) from the tip of the actuator pin to the inside edge 

of the photocell package (Figure 5-7). 
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2. With the pen carrier in the home position, the photo actuator 

pin should be inside the LED/photocell package, 

(b) Alignment 

1. Turn power off, 

2. Position the actuator pin so that it is inside the photocell 

package. Loosen the two locking screws holding the photocell 

package bracket and move the bracket for a clearance of .110" 

+.015" (.279 cm± .038 cm) from the tip of the actuator pin 

to the inside edge of the photocell package. 

3. Move carriage away from left margin. 

4. Remove timing belt from the carriage drum pulley. 

5. Move the carriage back toward the left margin until the 

pen axis actuator actuates the right limit switch • 

6. Rotate the pen axis flag until it is 90° from engaging 

the LED/photocell package (Figure 5-8). 

7. Replace the timing belt onto the carriage drive pulley. 

8, Turn the power on. At this time the pen carrier should go 

to the home position. See step (a) 2 to check alignment. 

NOTE: 
Due to bright lighting in some offices, the photo
cells may not work properly. In such cases, replace 
the sidE cover before turning power back on. This 
allows normal reset • 
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LED/l'llOTOCELL 
PACKAGl 

LOCKING 
SCREW 

(llNE ON EITHER 
SIDE OF DRACKET) 

-1 - .110• (.279) ! .015" ( .038) 

ACTUATOR 
PIH 

TIMING BELT 

FIGURE 5-7 LED/PHOTOCELL ALIGNMENT 

FIGURE 5-8 LED/PHOTOCELL HOME POSITION 
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5.3.7 CARRIAGE ASSEMBLY 

{a) Adjustment Check 

1. Carriage rollers do not rattle on raceways when carriage is 

in motion. 

2. With pen carriage moved to absolute home position (distance 

of .75" (19 mm) between pen 1 and right paper sprocket teeth), 

the pointer is at 11011 on the carriage arm scale (Figure 5-9A) • 

3. Check for only sl1ght line separation or line wiggle in return 

to origin. 

4. Check carriage brake for excessive wear. 

{b) Adjustment 

1. Turn roller adjusting screw so carriage roller touches upper 

race of carriage arm extrusion (Figure S-9B). 

2. Loosen pointer mounting screws on rear of carriage, move 

pointer to proper position and tighten screws. 

3. Tighten carriage brake as required to reduce wiggle or line 

separation (Figure 5-9C). 

NOTE: 
Do not overtighten carrfage brake or rootor 

will stall. 

(c) Removal and Replacement 

1. Remove side covers and carriage arm (Section 5.3.9, 5.3.12). 

2 • Roll carriage assembly out the end of carriage arm. 
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FIGURE 5-9 CARRIAGE ASSEMBLY ADJUSTMENTS 
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5.3.8 CARRIAGE DRIVE ASSEMBLY 

(a) Adjustment Check 

1. Using a spring gauge and scale, deflect the middle of the 

drive belt • 31" or 5/ 16" (7. 9 mn) • The gauge should read 

1 lb. +2 oz. (453 gm+ 57 gm). (Figure 5-lOA). 

2. With the carrier assembly at the left side of the arm, using 

a spring scale, pull the cable away from the arm. When the 

cable is pulled a distance uf .50" ± .10" (1.27 cm ± .25 cm) 

there should be a reading of 22 oz. ±2 oz. (623 gm ±. 57 gm) 

(Figure 5-lOB) • 

3. Pen axis flag in home position is centered in photocell assembly 

and tip of the flag is .110" ± .015" (.279 cm + .038 cm) from 

inside edge of photocell assembly (see Figure 5-7) • 

22 oz :!: 2 oz 

loool 

A B 

FIGURE 5-10 CARRIAGE DRIVE ADJUSTMENTS 
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(b) Adjustment 

1. Loosen the screws holding the carriage drive motor to the 

carriage drive support bracket and move in the desired 

direction; retighten the screws. 

2. To adjust cable tension, loosen lock nut 'l.Ulder cable idler 

pulley and turn cable tension adjusting screw for proper 

tension, then retighten idler pulley lock nut (see Figure 5-3). 

3. Loosen photocell mounting bracket screws and move bracket 

to the desired location. 

(c) Removal and Replacement 

1. Remove side covers, electrical chassis and carriage arm 

(Section 5.3.9, 5.3.11, 5.3.12). 

2. Loosen lock nut on pen drive idler pulley and turn cable 

tension adjusting screw CCW to release pen drive cable tension, 

then disconnect cable from pen carriage. 

3. Unplug pen drive motor from electrical chassis. 

4. Remove screws holding carriage arm mounting bracket to left 

side plate. 

5. Remove 'C' clip from top of pen drive 111>tor shaft and remove 

spring and flywheel. Then remove drive motor ll¥)Unting screws. 

6. Remove carriage drum top bearing retaining screws. 

7. Loosen Allen screw in carriage drum shaft retaining collar 

and slide drum up and out of bottom bearing. 

8. Remove carriage drive support bracket mounting screws. 

9. Reverse procedure to reassemble. 
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5.3.9 CARRIAGE ARM ASSEMBLY 

(a) Adjustment Check 

1. Pen carriage uniform .43" ± .03" (11 cm ± .8 cm) above paper 

guide surface across the 16" (406. 4 DID) plotting axis (Figure 

5-llA). 

2. Plot axis must be perpendicular and straight within .005" 

( .13 DID) in 5" (127 DID) and .010" (.25 DID) in 16" (406 mm) of 

plotting (see paper sprocket adjustment, Section 5.3.5). 

(b) Adj us tmen t 

1. Loosen carriage arm mounting bracket and carriage drive support 

bracket and move in appropriate direction to adjust height 

and perpendicularity of plot (Figure 5-llC). 

(c) Removal and Replacement 

1. Remove side LJver~ and electrical chassis (Section 5.3.11, 5.3.12). 

2. Unplug carriage wiring harness from socket on side plate. 

3. Loosen Allen screw in collar on carriage guide rod and remove 

guide rod. 

4. Remove screws 100unting carriage arm to carriage arm 1IK>Unting 

bracket and carriage drive support bracket. 

5. Loosen lock nut on pen drive idler pulley, turn cable tension 

adjusting screw CCW to release pen drive cable tension and 

disconnect cable from pen carriage. 

6. Reverse procedure to reassemble • 
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5.3.10 PEN/SOLENOID ASSEMBLY 

(a) Adjustment Check (each pen/solenoid) 

1. Pen centered on guide pins and solenoid adjustment screw 

(Figure 5-12). 

2. With solenoid deenergized (pen up) solenoid guide pin should 

extend .25" ( .63 cm) below the pen guide plate (Figure 5-llB). 

3. With solenoid deenergized, the bottom of the pen holder should 

be .072" (.18 cm) above the top surface of the pen guide plate 

(Figure 5-llB) • 

4. With r.olenoid deenergized, pen point should be .06" ±. .02" 

(.15 cm + .05 cm) above the surface of the paper guide 

(Figure 5-llB) • 

5 • With solenoid energized, the top surface of the pen guide 

plate should be .43" + .03" (1.1 cm ± .08 cm) above the paper 

guide across the 16" (40.64 cm) plotting axis (see Figure 5-llA). 

CJ!Nl'ERED 

FIGURE 5-12 PEN ACTUATOR ADJUSTMENT 
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(b) Adjustment 

1. Solenoid 

a. Loosen set screw in actuating bracket collar and move in 

appropriate direction (a-1). 

b. With solenoid deenergized (pen up), adjust return position 

pen height adjusting screw for proper guide pin extension 

(a-2). 

c. With solenoid deenergized (pen up), loosen set screw in 

base of pen holder and adjust pen holder for proper gap 

(a-3). 

d. Turn adjustment lmob CW to lower pen guide plate for proper 

gap (a-5). 

2. Pen 

a. Turn pen case clockwise to lower pen point. Turn pen 

case counterclockwise to raise pen point (a-4). 

(c) Removal and Replacement 

1. Remove side covers and carriage arm (Section 5.3.9, 5.3.12). 

2. Invert arm and remove pen mount carriage mounting screws. 

3. Remove actuator support bracket mounting screws. 

4. Reverse procedure to reassemble. 
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5.3.11 ELECTRICAL CHASSIS REMOVAL/REPLACEMENT 

1. Remove eight four front and four rear electrical chassis 

mounting screws from the base casting. 

2. Lift the plotter off the electrical chassis. 

3. Reverse procedure to reassemble. 

5.3.12 SIDE COVER REMOVAL/REPLACEMENT 

1. Loosen the Allen sc1·ews (front and rear) at the bottom of the 

side casting. 

2. ReD10ve three screws from top of side plate holding side casting. 

3. Slide side casting off guide pins. 

4. Reverse procedure to reassemble • 
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6.1 INTRODUCTION 

SECTION 6 

MAINTENANCE 

This section of the manual consists of three sections: diagnostics, 

preventive maintenance and troubleshooting. 

The diagnostics section contains a description, operating procedure 

and a sample diagnostic program to be run on the Model 2272 Plotters by 

the companion Model 2200 computer. The diagnostic program is written 

to aid the user in checking the plotter and to assure sustained plotting 

quality. 

The preventive maintenance section will amplify Section 5 (Adjust

ments, Removal and Replacement) by directing the user to the more frequent 

problems solved by inspection (visual checks) such as cleaning, wear, 

adjustments and lubrication • 

Troubleshooting tables are available to aid in finding the cause 

and the solution to operating problems. The tables cOD111ence with the 

DDst conmon and basic faults and progress to the less frequent and more 

complex faults. 

6.2 DIAGNOSTIC 

The Model 2272 plotter uses a tape diagnostic program. To run the 

plotter diagnostic it is necessary to reset home position to the left 

side of the carriage assembly. 

6.2.l DIAGNOSTIC HOME POSITION SETUP 

1. Depress Slew Mode switch. 

2. Depress the Left Arrow switch (+) and DK>Ve pen assembly 

until the pen comes within one inch of the paper sprocket 

holes • 
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3. Depress Set Limit Mode switch. 

4. Press Home switch once. (This resets the progranuned home 

position to the current location of the pen carriage.) 

Depress Plot Mode switch. s. 

6.2.2 OUTPUT SYSTEM DIAGNOSTIC 

1. Insert Output System Diagnostic cassette in tape drive. 

2. Rewind cass~tte, key CLEAR, EXECUTE, LOAD, EXECUTE, RUN, 

EXECUTE and follow instructions listed below along with those 

listed on the CRT. 

3. Key S.F. key for 2212 diagnostic (as listed on CRT), 

4. Key in dimensions (listed on CRT). 

5. Key EXECUTE. 

6.2.3 2272 DIAGNOSTIC 

(INFORMATION TO FOLLOW) 

6.3 PREVENTIVE MAINTENANCE 

6.3.l VISUAL CHECKS (QUARTERLY) 

1. Check for loose components, screws or bolts. 

2. Check perpendicularity of X and Y axis. 

3. Check belts and carriage brake for wear. 

4. Check cable tension of carriage drive cable. 

5. Run diagnostic. 

6.3.2 ADJUSTMENTS 

Any adjustments required are covered in Section 5. 

6.4 TROUBLESHOOTING 

(INFORMATION TO FOLLOW) 

. ,,,. 
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8.1 INTRODUCTION 

SECTION 8 

MECHANICAL ASSEMBLY DRAWINGS 

Section 8 lists the bill of materials for the Model 53/SJM Drum 

Plotter in lieu of the mechanical assembly drawings. A set of assembly 

drawings will follow when they become available • 
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REVISED AS OF _____ WA~C!_LAlJOR~!ORn~1..__,l"""N=C..::.•---- PAGE l 
--------,-I --- BILL OF MATERIALS -----06/ta/76 ------·-------------·--

ASSF.~BLY PART NUMBER 177 27.12 kJ LEGEND 
ASSEMBLY DESCRIPTION 2272 ORUM PLOTTER Cl PENt _________ •=Kif TAG •=STATUS ITEM IU=FRACTI ONAL QTY 

PART NUMBER DESCRIPTION QUANTITY 

000 0005 LABOR PRODUCTION SYSTEMS 11.00 
----- 000 001 l LABOR QUALi TY CCNTROL 2. 20 

210 7070 A # 7070-A "'ODULE 1.00 
--~ ----- -209- -7070 II 7070--W/UNLOADEO SOCKETS --···- ----~-- --··-----·· 1. 00 

COO 0001 LABOR SUR-SYSfEMS l. 10 ------------=oao· 0011 LABOR--OOtiillY-CONTROl _______ ---- .22 
300 lqoo .05 UF lZV +ao-2oi CERAMIC CAP RF2176 13.00 
300 4000 l UF 35V lOl TANT CAPACITOR CAI RF2106 1.00 
300 4017 5.6 UF 35V lOi rANT CAPACITOR (BJ RF2106 1.00 
30C 4022 15 UF 20V lOt TANT CAPACITOR (Bl 4.00 
321 0008 10 MC .05t BLILEY BXW OSCILLATOR l.~Q 
330--101 o io-aHi1i74 --w-1 o:r-:4R es1 s raR 2. oo 
330 2018 180 OHM l/4 W lOt .4 RESISTOR ____ ------------- ___ l.00 
330 2072 7.20 UHM 1/4 W lOl .4 RESISTOR 2.00 
330 3018 ______ L.BK OHM 1/4 W lOl .4 RESISTOR ------------------- _ l.00 
330 3047 4.1K OHM 1/4 W lOt .4 RESISTOR RF2l76 12.00 
330 4010 lOK OHM l/4 W 10t .4 RESISTOR PCBFNL 7.00 

"' ,,,,----

-----------3 36--4 04 7 47iCOHM17 4-w- i oi-- ~4-RES Is TOR PC BFNL----------1.-00 ______ _ 

---------~-------- 375 1050 _____ TRANSISTOR SPS6551 ------------------ 2.00 
376 0002 7400N l NTEGR ATED C lRCUIT -------RFZ 176 1. 00 
376 0003 7410N INTEGRATED CIRCUIT 1.00 

---------------- -- 376 0004 7420N INTEGRATED CIRCUIT -- -- ----- - -- - --- ----- - - l. 00 
376 0006 7474N INTEGRATED CIRCUIT RFZ176 l.00 

---------- 376-ooos-- 7442r·i iNTEfoRATfll--CiRCUIT 2.00 
__________________ 376 0010 ______ 7404N INTEGRATEO CIRCUIT ____________ RF2106 --------------- 7.00 

376 0016 740~ INTEGRATED CIRCUIT 1.00 
----------------- ____ 376 0073 _____ H90 INTFGRATED CIRCUIT _ ____________ _______ __ 1.00 

376 0081 7408 INTEGRATED CIRCUIT 1.00 
3H C09~- 7432 INTEGRATED CIRCUIT RF2176 l_.()Q 

-----------'376 0094 74i6li9316--[NTEGRATEO CIRCUIT RF2176-------- 4.00 
3H C098 74114 INTEGRATEJ CIRCUIT __________________ l.00 
376 0104 9602 INTEGRATED CIRCUIT RF2106 l.00 
376 6158 74LS155 l.C. 1.00 ----- -----
376 011a 15322 1.c. i.oo 
31t 01q3 74LS36B l.C. 4.00 

-----------3°1"6--9ooa 1 (-i>Ab-16--?i-N fi=l<"NA#4HO --·-- PCRFNL- i. oo __________ _ 
376 9Cll 40 P[N IC SOCKET BURNDY M DILBZ40Pl PCBFNL 1.00 
376 9012 14 P[N IC SOCKET CAMB ION -- ----- ------·· ----·- - ------- 1.00 

380 1001 4A 0035 SIL DIODE lOV, lOOMA AT lV •• B 1.00 
510 7070 I 7070 PRINTED CIRCUlr' BOARD ________ --------- -- - --------·------- 1.00 

605 0117 • P.v.c. TUBING 3/810 CLEAR PC8FNL .os ~·# 
---------:3:-::7::-::7::--:0,-,,2:-:6'""9 ~ 8080A MICROPROCESSOR i:-cio __________ _ 

--------------------- ______ J_ --

• • • 



• • 
REVISED AS OF_ 

I I 
WANG LARORATORIES, INC. 

Bill OF MATERl.\LS - - - -- ··-

ASSEMBLY PART ~UMBER 177 22!2 ~3 LEGEND 

• 
PAGE 2 
06/lB/76 

·-- ---~S~ ~MAL:'(_ QE_~I;~ I PTJ ON 2212 ORUM_ PLOTI_ER_ 13 P_EN I -·--- -----· •~KIL __ JAG #"'ST,A1US ITEM •••~FRACTIONAL orv 

DE SCRIPT UJN QUANTITY 

210 1071 A # 1C7l-A MCOULE 
209 7011 --- - - •· .--7071 W/UNLOADEO SOCK-ETS - -

. __ J.00 __________ . 
l. 00 

000 0001 LABOR SUB-SYSTCMS .ao 
000 OOll -----··LABOR. QUALITY CONrRDl .16 
300 1900 ________ .05 UF 12V +80-.?0'C CERAMIC CAP RF2109 3.0G 
300 lqJo .. 1 UF 50V +80-2t)t CERAMIC CAP(HIFRCJ PF2109 a.oo 

----------~~~-~-~g~~ ~~6-~ijj:-H~--~~L~{~t-H::~gg: ::: ----:~~~§:--- -------"i:g~-
376 ocoa 7"42N INTEGRATE!) CIRCUIT ____________________ l.00 
376 0010 -----·----7404N -INTEGRATEI> CIRCUIT___ -RF2109 3.00 
376 0193 74LS368 I.C. RF2109 3.00 

·-------- -· 376 9003 Zit PIN IC SOCKEr BURNDY --------- ·-- ---- 4 .. 00 

377 0069 210ZA-4 I 2102-1 I 91028 RAM RFZ109 e.oo 

'*' .,,. 

510 1011 --,-107TPR1Nteo crnc-~u=1=T--=eo=-A~R=-=o~-------- 1~ 60 ____ _ 
177 0317 I 2708 INTEL PROM 4.00 

210 70.72 II j(,-.i2 ___ MOOULE . --------- - --·----------------- 1. 00 

000 0001 LABOR SUB-SYSTE"'S .55 --------··--· 
000 0011 LABOR QUALITY CONTRnL .ll 
300 1900 .05 UF l2V +B0-20' CERAMIC CAP 3.QQ. 

------~3oo4oz 2 15 -uF-2a·v To~-TA~T-cA P tic~1 =ro=R...._,c,..,,e'"""1--R"'""F"'""2~1 o5 z. oo --------
310 3010 lK OHM 1/4 W lOt .4 REilSTOR EC5580 3.00 

----------~ 350 oco9 ·· 225-21521-10500 Pc toNN sot.:oeR TYPE R:t=ilc>s___________ 1.00 
376 0006 7474N INTEGRATED CIRCUIT 1.00 

--------- 376 0010 7404N INTEGRATED CIRCUi f ---------------------·-- 2. 00 

376 0139 7"14 1.c. l.oo 
--------=376-oia1 Hi-fi-1-:c-. --- 2.-oo=--------

116 0193 74LS368 l.C. 1.00 
----·--------- 510 7072 ,, 7072 PRINTED CIRCUIT 80\RD ---·------------------------------ ·-·- 1.00 

210 7073 # 7073 MODULE 1.00 
--------- 000 000 l ····--·· LABOR SUR-SYSTEMS ·------------------------ --- 2. 75 UI 

000 0011 LABUR QUALITY CONTROL .55 ### 
-------3~6o--T47o 1tfo lif"1.ofceRAM1c CAPAffToR 2. o-o--"'---

Joo 1900 .05 UF 12'¥ +ao-zoi CEU~IC CAP 9.00 
--------------- 300 1901 .1 UF lOV +-zoi CERAMIC CllPACiTOR _______________ . -- - . ----· ·- 1.00 

300 1906 .001 UF 200V lOl CERAMIC CAP~CITOR ---------- ?.00 
JOO 402.?. 15 UF 'i!OV 101 TANT CAP.l\CITDR is-.-- z.oo 
330 1047 47 OHM l/4 W 10'.C .4 RESISTOR l.O_Q 

------~33-02oio 100·-aiiMJ:14 w Toi-:-4"R--F:>r sroR---·--------- l.oo -------

------- __________ 330 2027 270 OH"' 1/4 W lO:C ._4 RESISTOR __________ .B.00 
330 2039 390 OHM 1/4 W lOt .4 RESISTOR 2YOO 
330 2068 680 OHM 1/4 w 101 .4 RESISTo• ~.oo 

·- ·- - --------330 3010 ----- lK -OHM ll4 W 101 ~;,.·-·RESISTOR _______ RFllCff __________ ------- 1.00 

---------------------------------- -·-- -



____ E_Y_l~EO_AS_Qf_ ______________ W~~'"~!!Qfi.~I_OR 1~.h_ INC'-"•------ PAGE 3 
I I BILL OF MhTERIALS - ---o-6JT8776--------o·---

---.--rA-SS·E-MBVf" PART !\UMBER. 177 2212 W"i LE GENO 
ASSEMBLY DESCRIPTION 2272 DRU~ PLOTTER (3 PENI 

-~------~-·-- --· -- . . --·-·-·- -- •=KIT TAG #=SfATUS lfEM •##=FRACTIONAL QTY 

PART NUMOER _________ OESC_Rl_~J_!_C!~.------·------ ___ _ _ __ Q-'--'U'-A NT I TY 

. I 

330 3012 l.ZK OHM 1/4 W lOt .4 RESISTOR 3.00 
330 3015 l.5K CHM 1/4 W lOl .4 RESISTOR 1.00 
330 l022. ---....+---2.2K OHM 1/4 .H. toi .4 RESISTOR 2.00 
330 3027 2.7K CHM 1/4 w 10~ .4 RFSISTOR RFZ107 3.oo 
3~C! .. ~0.3.~ 3.3K OHM 1/4 W 101: .4 qESISfOR 1.00 

-------'-~~g :gib , , 1~!K 0~-~M~}(4~w·~-~~~~~-4~~r~~~~;~-R---·~g~~; --------2~:gg 
]30 403'3 -r~·--- .... 33K OHM 114 w ioi .4 RESISTOR. ··-- -- -- l.oo 
332 1027 27 OHM l w lOt RESISTOR a.oo 

----------336 101~- ·.----;- lK TRP-APOT 1 90 DEG MOUNT BECKMANIHZX 2.00 
374 0002 1 REGULATOR -5V l/ZA FAIR#79M05AUC EC5613 1.00 

·375 ro·1 7--r--'1--T ~ i 8 s (Ci> NP (RE. GT 54 u-·c-530 o·---1 ~o-3-8-EC--5~6-4_4______ ·------8 ~ o o 
I 

375 1027 . 2N3725 TRANSISTOR RFZ107 5.00 
-----·-----375 1034.. 2N6lll PNP, PLASTIC POWER TRANSISTOR - --------·--------------------- ·-------- 3.00 

j75 1051 TRANSISTOR ZN67.92 IPLASTICJ 9.00 
la> 
' . 

··375 1052 ' - --- TRANSISTOR 2N63B7 IPLASTICJ -··------------------- ---·--- l.00 

375 1053 TRANSISTOR RCAB203A (PLASTIC) 2.00 
---------3~7 5 q(fo 1 fiiA N s fii "Ai:l"-ii 97 ias 7: i-il: AR"'"G--e-"--'-'------PCBF NL 5. o o 

re· 
375 9004' TRANSIPAO T0-18 ISMALLI a.oo 

- ·375 9016 ----- - MICA INSUL#OF l03A FO~ 375.:103471035- PCBFNC . 16. 00 
376 0008 7447.N INfEGRAtEO CIRCUIT 2.00 

--------· J76 0010' ·-·r 7404N INTEGRAtEO CIRCUIT --- -- -- - --------- ---- ----------- 2. 00 

37.6 ____ 095 3 t 1~ ! 9 -~_.r_N LEGR .\.TfQ __ <;.IBc; ~1~T ______________________ _.__2 .! oo 
I 376 0066 I I 723 INTEGRATED CIRCUIT I 2. 00 

376 OC93 -~-- 7432 INTEGRATED CIRCUIT. _____________ 1.00 
376 009R 74174 INfEGRATED CIRCUIT RFZ107 l.00 

__ 376 0~04 9602 lf..TEGRATED CIRCUIT ... -·----·---·- 1.00 
376 0193 74LSl68 l.C. 3.00 

---------:.3?fi._Ql91. -1.1~l_J~C~---· ·--------·-- RFZ107 4._0() -------
I 3Bp 3004 GE A-15f RECTIFIER 2.00 

380 4000 EM403 I 1N4004 RECTIFIER RF2107 19.00 ·-------- 45B 0320 SPRING STOPIFS-HB6640-l07 PCBFNL --------- -------------·-------. 1.00 

-------------~5.8 0321 _CCU~TERWF.IGIH ARMIFS-3JC6640-109_ PCRFNL. _____ ------·-··-·-·-·-·-·------ 1.00 
462 0270 SPACER,#6 FIBRE 9/16 LG HH SM8893 PCBFNl 2.00 

------ 5~9 _ _79_7J ' 7p3_efU~TJO. C_lRCU!J_!lQARD ·---·--· l.00 ______ _ 
650 3120 6-32 X 3/8 PAN HD PHL MS SS SEMS PCBF.NL 3.00 
650 1131 6-12 X 3/8 NYLON COVERED Fil HO SLT PCBFNL 16.00 ···----------- -··6so 32l'O 6-32 x·11a PAN.HD PHl MS 55·--·--···· -PCBFNC _______ ------ 2.00 

_______________ 653 3001 _NO. 6JNT T LK'WASHEn P~B~NL__________ 2.00 
270 0330 DRU~ PLCTTER CHASSIS ASSY 1.00 

000 0001 • LABOR SUB-SYSTEMS _____ 3. ~Q_ 
------~0~00 0011-· LABOR QUAl ITY CONTAJl___ • 70 

• • • 
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REV IS En AS 0 F 

I I 
WANG LABORATORIES, INC. 

BI LL OF MAT EH I AL S 
PAGE 4 
06/ l 8176 

------------·--- - ------ ------ ------------- --------
ASSEMAL Y PART NUMBER 177 2212 Wl LEGEND 

---------

_______ !$_$_EM~l)' DE~CRIPTION 227'l DRUM PLOTTER l3 PEfH ••KIT TAG fzSTATUS ITEM lfl•FRACTIGNAL QTY 

PART NU,,,BEF! __ _ DESCRIPTION QUANTITY 

210 7074 • # 7074 MODULE(,...A.) (PRELIMINARYJ l.00 
--------::=-=--.:....::...~000-0001 LABOR·---·suif.:.svstEMS -----·· 1. 50 

000 0011 LABOR QU~L1rv CONTROL .30 
300 3058 ----- 2000 UF 20V ELECTROLYTIC CAPAtlto1C___ ------------------ 1.00 
300 3067 llK UF 50V EL~tTROLYTIC CAPACITOR 1.00 ------- -·- -----·- - . 

300 3069 27000 UF 30V ~LECTROLYTIC CAP 1.00 
300 3C71 6000 UF 25V ELfCTROLYTIC CAP 1.00 

-----------300 307f lOK-·uf: "75v T:C;. ii8- -ELE-c:r·c-AP____ 1. 00 
300 9003 CAP CLAMP 1 ]f4 INCH 7. LUG EC5659 1.00 

----------- 300 9009 _________ CAP CLAMP l l/4 INCH 2 LUG CMC.:.fi - EC5659 ------- l. 00 

300 9022 CAP CLAMP Z 1/16 INCH 1 LUG EC5659 l.00 
330 7056 ---- ------560 OHM 1/4 W log .4 RESISTOR EC5659 - -----·----------- l.OO 

##1 
#U 

330 3047 4.7K OHM 1/4 ~ 101 .4 RESISTOR EC5659 )~OQ __ 
----------336 4010 lCK OHMTi4 w1o~ ~-4-RESiSTOR -Et5659-'----------15.00 -----

331 3047 4.7K OH,.. l/2 ~ lOi RESISTOR .RF2101 1.00 
350 0011 ______ ?.25-21521-110 PC CONN SOLDEiCTYPE EC5659 ------ ------------12.00 
350 0021 225-22221-110 SOL.TYPF W/OFF-74 l.Oo 
376 9016 _____ 24 PiN ic snc(f:T CCAMBIONf ______ ------ EC5659 1.00 

376 9017 24 POS ANTI-WICKING WAFER EC5659 -~OQ 
-----------"3eo3004 GE:- ~:.·15F= RtcTif:iEP:·--- ---·---------·--· -----------10. oo ------
----------------- 380 4000 --·----- __ EM403 I lN400~ RECTlf JER ________ z. 00 

452 2563 CLAMP,CAPACITOR 2.00 DIA 86815-21 EC5659 l.00 
_________ 510 7074 ______ # 7074 PRINTFD CIRCUIT BOARD 1.00 

6CO qo1a 18 GA TINNED COPPER BUS WIRE EC5659 .25 
t50 3120 6-32 X 318 PA~ HD PHL MS SS SEMS F.C5659 9.~0 

--------------650 -3160 6-32_X_ilri>·A~--HD PHLMSSSSEM...;..s----"""e-"c56"f9 3. 00 
652 0032 6-32 LOCK-NUT KEPS 511-061800-00 EC5659 _______________ 12.00 
654 1010 #10 GROU~n LU~ EC5659 8.00 
654 1166 6 POS PIN HEADER AMP l-380999-0 __________ ·- __ z. 00 _ 
654 1190 8 POS PIN HEA'JER AMP 350212-1 EC5659 l. 00 

220 1090 P045 WIRE & LUG ASSYI 12WJD6482-lZ l!' OQ_ 
ooo 0001--·-LAiiuR-s1j~:svs rEM"s · 
600 0000 WIRE 18 GA BLAf:K UL . ________________ ------------------·-
654 .1163 R SOCKET 20-14 G4CREELIAMP 61117-4 

220 1091 P046 WIRF. & LUG ASSYll2WID648Z-lZ 
000 0001 LAAOR SUR-SYSTEMS 

• Ol 
• 33 

1. 00 
l. 00 

• 0 l 

#U 

"" " ,,,, # 

#"" 
600 OC09 WIRE 18 GA WHITE UL • :q __ #_f!_t __ _ 

-----------=654-Lt63 R socKFT2o-T4-GAIREEUAMP 61.117-lt i.oo 
_Z29 __ l092 OOO 0001 P04°t W!R~A~O~UG ~~~:~~~~~~;482-tZ. --------------- ------------··------- l:g~ 

600 0054 WIRE 18 GA GREEN/YELLOW UL • 41 __ 
654 0063 R #0 .. RING-LUG RED 8Al6-8M liK/REEff-- ·-- ------ - ----------- l. 00 

#U 
fl## 



___ _B_~ V IS E D.~A-=S_O=-f'-------· WANG l A BJIR A Hlf!.lJ;iL :..:I N~C~,.__ __ 
I I BILL Of MATE~IALS 

PAGF 5 
06/18/76--

ASSEMBLY PART ~UMBER 177 2212 W3 LEGF.ND 
ASSEMBLY DESCR!PTION 2272 DRU~ PLCTTER Cl PE~I ••KIT TAG #zSTATUS ITEM lll=fRACTIONAL QTY 

PART NUMBER ---------
654 1163 R SOCKET 20-14 GA(REEL)AMP 61117-4 

279 1013 SUB CHASSIS/BASF. ASSYl12W) 
000 0011 LABOR QUALITY CONTROL 
000 0020 LAijQP. PREP AREA 
451 1102 'CHASSIS WELOMTC53JPLOTTER C6630-521 

----65io4iit RiVET-AVDEL DOMEHEA-Dll2506i_7 _________ ··----
655 0203 fEEf ALACK GREENE AH 2096 

325 2112 SLIDE SW.115/230 VAC 
334 0010 25 OHM 25 WATT FIXED RESISfOR 
400 1007 FAN,HOWA~~ 1-90-8177 
410 0104 # MMC 5735 TRANSFOR~ERl-12W)C5068-106 EC5h59 

_____ CUA NT I D' ______________ _ 

I. 00 
l. 00 

• 04 
• 20 

1. 00 
4.oo 
4.00 
l. 00 
4. 00 
l. 00 
1. 00 

... 
#U 

--------451 "442 BRKT,FANC531C66l0-2li . - -------. ----·------·------1. 00- -----------
451 4443 dRKT,HEATSINK SUPPTC53186630-5l5 
451 4444 ARKT,SLIOE SWITCHl531Ch6)0-524 
510 6749 I 6749 PRINTE~ CIRCUIT BOARD 
600 0000 • WIRE 18 GA BLACK UL 

____________ 600_~01A ____ • __ l8 GA_ Tl~NED _l;O~Pff!_]!J_S_W_l_RE ____________________ ._ 
605 0007. • TUBING #15 CLF.AR 
605 0012 • TURINu I~ CLEAR 
605 0123 • SHRINK TUBING TYPE RNF 3/16 ID BlK 
605 1004 • Cl\BlF TYE. PAN-TY PLTIM-M __ 
650 2087 4-40Xl/4 PAN HO PHL MS SS MAG. SEMS 

_____ . ___ 65Q_3p0 6-32 X "3/B PAN HO PHL MS SS SEMS 
, 650 4120 a-3i-x-378PAN tio P-HL -,..-s ss- se"'""",..s"----

650 4160 8-32 X 1/2 PAN HD PHL MS SS SEMS 
650 4800 8-32 X 2 1/2 PAN HD PHL MS SS 
651 0401 RIVET POP 1/8 X 3/16 
652 3000 6-32 HEX NUT SS 
t.5L.JCl03 NO. 6 SPLIT LOCK MfD WASHER 

---653 4000 -----Na-.-· B FLAT .WASHER - -- ---- -----
653 6013 3/16X3/4X.032 STEEL ~ASHER CAO PLTE 
654 1006 #6 GROUND LUG 
654 1175 3 POS SOCKET HOUSING AMP l-~80304-0 
654 1214 CABLE Cl~~p ADH.BACK OKLSP 021-0375 
654 1286 FLAT CABLE CLAMP 1M#3484-1000 ___ 2_1_9_5_0_5 _o= -- f=TNAL Assv-'fo'MMo~ -i> AR f-s ---- -·----------
000 0005 Ll\BOR PRODUCTION SYSTEMS 
000 0011 LABOR QUALITY CONTROL 
210 7075 # 7075 MODULECKBJ 

000 0001 LABOR SUB-SYSTEMS 
000 0011 LABOR QUALITY CONTROL 

----------- 3 0 a 4 0 2 2 15 UF 20 v l 0 ;,-TA NT -c A P~A__,c-.,.1-=-T--O-R-..,.-,( 8~,,.--
' --- --------- - .. -·-- ----- ---------------- --- - -- . • --- --- -- ------- ------- --- • 

2. 00 
1. 00 
t.oo 
3. 31 ,,.,, 

_____,l~- 09 __ ----
• 50 

z. 33 
.75 

6. 00 
a.co 

"". ,,, " "",, ' 

----"-2!0Q ____ . 
2.00 
6.00 
4.00 
2.00 
l. 00 
l.OQ _____ _ 
4.00 
4.oo 
1. 00 
l. 00 
l. 00 

__ ].09 
l. 00 
2. 00 

• 40 
1.00 

• 80 
• 16 

l.oo 

"'" 
UI 
##I 

• 
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. REVISED AS OF .. . WANG L~AORA~ORIES, !_~<;!. _____ _ PAGF. 6 

I I A ILL OF MAT ER IALS 06118176 

ASSEMBLY PART NUMBER-l17 2212 WJ-----------·--· LEGEND 
--~A~,SEMBLY DESCRIPTl!JN 22l~_QR!.1!!__,PLOT_T_ER J}_ PENI _______ . ~Kl!_BG. ••.STAT~S_JTEM Hl•FRACTIONAL QTY 

PART NUMBER .. DESC'U_PTION __ QUANTITY 

325 ?228 4 POS INTLK SWl53JB6630-l93 l.OQ 
-----------=325 2229 5-POSl3~21iN'iL11.·swi'5'3186630-194 1.00 ---

325 2305 llSMl MICRO SWITCH FOR CP-1 5.00 ---------·no 2018 _______ 180 OHM 114 w 1.01 .4 RESISTOR _____ RF2108 --------------·· 2.00 

330 3056 5.6K OHM 114 W lOi .4 RESISTOR 1.00 
330 40l<f ___ 10K OHM lf4 W lOt .4 RESISTOR·----·-- . RF2108 l. 00 
330 4018 18K OHM 114 W Joi .4 RESISTOR 1.00 

----------310-5621 -i. A"1P ~ORANGE i l.Ei)) MV5f54___ t. oo --------
375 0017 2N3014 SILICON TRANSISTOR ... ----·-----·-----·- 1.00 
375 9004 TRANSIPAO TO-ltt CSMALLJ PCAFNL 1.00 
3 76 9016 ______ 24 PIN l C SOC Kt: T lCAMB ION I PCAFNL. _ ------------· l. 00 

----------- 376 9017 24 POS ANTI-WICKING WAFER PCBFNL 1.00 
380 1001 48 0015 SIL QIOQE 30V, lOOMA AT lV .~B RF2108 1.00 

-----------5101015- ,, to15-·p1H;:Hi:o·erntun-eoARo --------- l~oo ______ _ 
605 0120 TEFLON TUBING ¥22 CLEAR 100 Ff ROLL PCBFNL .OR 

000 0001 LABOR SUA-SY5TEMS .41 I. 000 0011 ________ LABOR QUALITY CONTROL - ....... ... . ------- ---------- .08 

fl## 

tu 
01 t 220 oTo5' Zfii-PRiNTER CABLE C64Z2-129 - . .. --· - -- 1.00 

350 2067 36 Pr:JS.PLUG-26;A.STRND AMP.552470-1 EC4937 2._.QQ_ 
-----------.:::350~228 36 "p(:Js.sR'C'oiiER AMPM55l071~1-----EC493'f---------"2'-'. 00 -------

420 0025 18 TWISTED PAIR 26 GAUGE , EC5402 13.00 
I .615 1297- _____ ,, __ LABEL PR INTER CABLE CONN A53ooiC>ii'"ec5~oi---.-------- 2. 00 

1 ________ ?.~Q __ QH6 Q~-~~ -~_LOTTER 110 CABLE C6482-105 . ____ ------------------------ l. 00 
000 0001 LABOR SUB-SYSTFMS .50 fl# 
000 0011 LABOR QUALITY CONTROL • ~Q f#f 
350 2066 36'P'CisUlAMPCONNiF)-AMP 2-552475-1 l~Oo--"-'-'-"------
350.~225 STRAIN RELIEF,36 POS_AMP l-:5~-~2-97-L _____________ .. ________ . 2.00 
420 0004 36 CONDUCTOR 26 GAUGE CABLE 2.84 ... 
51Q __ ~~?3 C 5223C PRHHFO CIRCUIT.BOARD ----------------·· 1.00 

325 2228 4 POS INTLK SWl53106630-193 1.00 
325 2229 5 POSl3-2)1NTLI< SWl53)A6630-194 l.OQ 

--------3~25"9020 3300._PUSH-·surrm.r·wHlfE'H21"09 5.00 ------

325 9021 _______ 3300 PUSH BUTTON RFD J52309 ···------- _ ___ _ _ -----·--· _ l.OO 
325 9038 400 P~SH BUTTON CENT LA8 J5?309 GRY 3.00 

_____________ 370 0026 LAMP,REO ILEDJ MV5024 __________________ .. ___ 1.00 
450 0102 # COVFR,SIOE LH(C~ST)(2212WJE6630-500 1.00 

--------"4~ Q_QJ 9 3 ,. c_o v~ r:t..t.? 112 L ~f:I r_i;:_ ~.El .t?? u ~ >E 6 6 10- 50 t i • oq ______ _ 
451 1221 • BCTfOM PAN(53J06630-517 1.00 
451 4431 _______ BRKT WELOMT,LH FILLER153JB6630-50L ___________ ........... __________ .l.00 
451 4432 BRKT WELOMT,RH FILLER(53JB6630-507 1.00 

_____________ '!~2. lO!lJ_ ___ -~ BEARI Nt;;. PLAJJJ51153 )_B66~0~S09 .. ___________________ . .. 1. 00 
452 2150 MASK,BEARING PlATE(51/53IB6630-5ll 1.00 



kl 

-· 

' 

---- _;..:..R=EV~I S,._E:..:D::;........:A~S..........,O~F _______ _!ANG !-. A BORA TOR I r_s..._, __._I '"""NC"",,.__--------=-P-'-'A-=G-=E ___ L _______ _ 
I I BILL OF HATERIAl.S 06/18176 

·-·-----·-- ------------ - ·------·-·-------- -- - - --------· - -------- --·----
ASSEMBLY PART NUMBER 177 2212 W3 LEGEND 

___ A_SSEMe~r- DE ~~RI ~TJQ_~-- _?_21? DRUM PLOTTER (_1_ P_HO -- ---- -----~KJL_IAG t•STU_US JTEM_ "l•FRAC Tl ONAL QTY 

P4RT ~UMAER OESCR I PTl ON ---------------------"~U_A_N_T I T_Y ______ _ 

_ _ ------------ 45 2 3539 SHIELD ,MOTHER BO ( 53) 86(>30-52_5 _ _ ----------------- ______ __ ___ ________ ___ _______ __ 1. 00 
462 0020 CA SPACER KB 4-40 TAP A5316-M21 4.00 

----------- 550 0005 _______ SI'! WHT KEY STEM __ __ ________________ ____ _ __ ____ ____ _______ ______ __ __ 5. 00 
550 0006 5 SM GRN KEY CAP 5.00 

--------'-550 0013 KEY RETAINER R5qoo-32 ____ ~ ____________________ 5.00 
s5o3246 INSERf;Hf:JMEf53-, - l. 00 
550 3247 INSERT,ARROW (53) 4.00 
650 2ce1 ------4-40Xl/4 PAN HD PHL M'i ss MAG. -SEMS ------------ a.oo 
650 3120 6-32 X 3/8 PAN HD PHL MS SS SEMS 2.00 

------------ 650 4120 -------r; 8-32 X 3/8 PAN HD PHL MS SS SEMS_______________ --------------- ----·1.00 

~5Q__~l6,." 1 '' 1 e-~z--~-E-L!~Y~_s HD Pt~IL PARK SCREW __J_~ •. ()() ________ _ 
650 608l 10-32Xl/4 Fl HD PHl MS SS 2.00 
f-51 1 CO~ ' ' I ! STUD SELF-Cll NCH PEM F HS-440.;.6 ' 

-------- 65i 1012 -----4~40 PEM'siuo FH 440=-ac:·-- -------

651 1037 ' PEM STUD 2-56 X 1/4 TFHS-256-4 

__ _.4.00 
2.00 
2.00 

---------- 652 0990 ,,,-7"-n. 2-56 HEX NUT SS - . --- 2. 00 

652 ?.000 I I 4-40 HEX NUT SS 2!_Q~----- -------------653-0990 ____ No:--2-iNf--fLK .WASHER 2.00 

'653 2000 I NO. 4 FLAT WASHER 6.00 
---------- 653 3000 -- ' - NO. 6 FLAT WASHER ---------------- ------------------- 2. 00 

653 4000 NO. 8 FLAT WASHER 7.00 
----z79-5o5o 19 - v oRl"vl! & ARM i\ssv< 1NCH>663o-ici- - - ----· l.oo 

000 0005 1 1 LABOR PRODUCT ION SYSTEMS 12. 00 
-------o~o"----0-0~0'---"-11---LABaR QUALi rv-ciJNTRiC ___ . 2. 1.0 

220 01~7 HEAO CABLE ASSYl12HJC~482-106 1.00 
--------------- 000 0001 - -- LABOR SUB-SYSTEMS - - ----- ----------- . ---- -------- - 11.00 

doo 0011 LABllR - OUAL I TY CONTROL ----------------------------- -------- --- I • 20 
420 1018 COILED CORD 4 CONO ALPHA 652 1 • 50 
f>CO 2000 WIRE 24 GA ALACK UL z. 013 

------------600--2003- wiiC24-GAOR4NGE-ui-- 1. rs 
600 2006 WIRE 24 GA BLUE UL ________ _ _ __________ ___ 1. 75 
605 ·1004 CARLE TYE, PAN-TY PLTIM-M 5.00 
654 1165 R SOCKET 30-22 GACREELJAMP 3500078-4 7.00 

- f>54 1166 R PIN TERM 30-22 GACREEUAMP1500079=-it------ ----------- 6. 00 
I 654 1189 I 8 POS SOCKET HSNG AMP l-480283-0 1. DO 

-------2!"":2,-:o,...-,.,,'3....,.o-=-1=1"""""---· K~YBOARO FLAfCABlEl1iw1c6482-107 1. 00 
1 350 0403 24 PIN Fl AT CABLE PLUG 2. 00 

' r · 420 0050 ·- - -- 24 COND FLAT CABLE 3M 3365/24 -.-------------- -- ------ 2.50 

'279 15b5o 16 CARRI ER ASSY CARRIAGE 86630-l 6 1. 00 
· ------------------ 1 458 -0354~- ---· CARIHERrCARRIAGE(53JC66lO_:ll9 -- --------------- 1.00 

461 3256 STUD,VERT.BRG.FIXEDl53IB6630-17~ 2.00 
-------Z-79_5_0_5_0 17 BRKT ASSY ROLLER SPRING 86630-17 --i 00-

••• 
#II I 
#U 
U! 
II I/ff 
#H 

#U 

• • • 



• 
REVISED AS OF_ 

I I 

• 
WANG LABORATORIES, INC. 

BILL OF MATERIALS 

---- --------------- -- --------------- --------------------
ASSEMBLY PART NUMBER 177 2212 W3 LEGEND 

• 
PAGF 8 
06/18/76 

__ ----~SSEMALY_DESCRIPTH1N 2272 ORUM_PLOTTER (3 PEN) hKIT _TAG lil=-STATUS ITEM l##zFRACTIONAL QTY 

DESCRIPTION QUANTITY 

___________ 451 44Z2 B_~KJ 1 _RO~L~~-$PBl~G~53JC~_~30-l28"'-------- ____ ~~ 00 
461-3254 STun,vERT.BEARING(53)86630-l't7 2.00 

279 5050 18 MOTOR ASSY X-Y DRIVE C6630-l8 1.00 
. - - 000 0005 LAAOR PRODUCT ION SYSTEMS 2. 00 

000 OOll LABOR QUALllY CONTROL .40 U# 
400 0005 f STfP~ING MOTO~ SUPERIOR HS 25 1.00 
4t5 0216 T023 BEi\RING IRULONI TARBELL•O't06-2 1.00 

---------465 0942 ----SPRING, MARG -R-ACK RETU~N -85776-365 _____ ------------i. bo ______ _ 
465 1110 732 FLYWHEEL ~6403-198 1.00 
478 0309 PULLEY,X & Y ftRIVE MOTOR C6630-196 1 .. 00 
605 1004 CABLE TYE, PAN-TY PLTIM-M 4.00 
651 1534 RCLL PIN .078 X .81 STEEL 1.00 
651 1734 GRIP RING TRU~RC 5555-18 1.00 

---- 653 6018-- ------3/i6-ib lC3/4 i:Jf>_x_Uib.STL.WASHER l~OOc:-------

654 1163 R SOCKET 20-14 ~A(REELIAMP 61117-4 6.00 
654 1185 6 POS SOC HOU~. ING AMP l-'980270-0 1. 00 
656 0006 732 ANNULUS CflRK CRINGI 86403-187 1.00 

1 e 325 2307 BURGESS V4T7 MICRO SWITCH 4.00 
325 2416 REED Sl'IITCH,HAMLIN 5A04 __________ l!_OQ_ 

'1) -------125--9049- ---AC TUA TOR; MICRO SWITCH ·-.IS-224 4. 00 __ _ 
375 2103 Hl3Bl IGF.l PHOTO TRANSISTOR l.OO 
449 0142 RCLLER,CARRIAGEl53J(MIJLOJB6636-182 4.00 
451 4425 BRKT,MICRO SWIDRIVE)l~1tC6630-lll 1.00 
451 4427 BRKT,Y ARM MTGl53)C66J0-159 1.00 

----- _____ 451 4428 ARK T, t-' ICRO SW I IOLFR l I ~i3 IC6630-135 -·--------------~.!' 9Q 
451-4438 _____ Bf{Kf1SUPPORTl'f nRIVE)I 53)06630-l07 1.00 
451 4440 BRKT,REED SWITCHl53)Ch630-200 l.00 
451 4441 BRKT,PHOTQCELLl53)C66l0-20J 1.00 
452 0053 PLATE,REEO SWITCH MAG!53)B6610-l99 t.oo 
461 0104 NUT PLATE,REED SWITCH(62)A6636-l57 1.00 
461 OlC5 STRIP,Y ARM LAMINATE(i3)06630-523 1.00 

-------46 C154i R'Ai L ~FxtR us·f oN-·Gu 1 bF t 'il I R6630-111 -- ----f. 06 ___ _ 
'961 3251 ROD,GUIDEl531B6630-ll' l.00 
461 3255 STUD,CABLE PULLEY153J~6630-148 1.00 
461 3257 STUO,GUIDE RAR BRGl531A6630-121 2.00 
461 3258 STUD,FCCENTRICl53)866i0-120 2.00 
461 3259 SHAFT,Y DRIVE (53IB66J0-122 ___________ J_~oo 

--------'465-oocn BALL BE~R ING, KUBAR NSR1~HH -A-BEC-1 --·-- 2. oo'--------
465 0009 BALL BEARl~G,KUBAR#SR4HH ABEC-3 5.00 
465 0418 COLLAR,Y SHAFTl531866JO-ll0 1.00 
465 0708 BUSHNG,NYLINER TYPE 7 #5L2FF 1.00 
~65 1614 SPRING,LEE Ol6A-O 1.00 

--- -------- ·------·-------------



,__~·~ ,REV 1.s~µ A,s Qf. , . WA~~-~~ORATO~!J.:S~'--=IN~C~,~--~----~P_A~G~E'--_q 
I ,, I / I 11 I JI I 

I I '' 
BILL OF MATERIALS 06/18/76 

' ' ' 
'' I 

--,--A5'S6tfBL~ ,PART NUHB·E~---i7.7 22~2 Wl 
--------~ss~~Bl,_~ pesc;_RIPTJC!~ ___ ?_?l2 ORUM PLOTTER 11 PE ....... ------

LEGEND 
••Kif TAG #=STATUS ITEM l##=FRACTIONAL QTY -·---- ·---------·-·-- - ----

PART NUMBER --~_,_o,_e_s_C_R_I PT I q~-L....--___ .__ _____________________ g_l!ANT I TY ------- ---- -
I 'I ,, , 

478 0200 1.L.___.__. 732 PULLEY, CABLE B641p-144 _ _ --------- ___ I. 00 
478 0206 J I •11 732 ORUM,CONNECTR 0 Y"ORIVE 06403-185 r.oo 

__ 478 0308,L-1!.L-'._Y AR"4 (~1)C6610--l8Z _ _ .. ___ _ ___________ 1.00 I' I 

478 0319" I I· PULLEY,,Y TIHINGl5Ht INCH)C6630-2ll 1.00 
______ ___,_&o_o_ ~~O,Q.·, •. . . . n~_ ~!.~_CAB~L-!JH!._QJ.!!_mu-"2"""0_-_1_,1,_____ ____ _ ____ 10. oa 

605 100.4 1 , Ill CABLE TYEt PAN-TY Pl.TIM-pt ' s.oa 
----- 650 024q:J L---1 INACT.2-~&_X 1/4 PArl, HO MS SS_ -- -------- I 4.00 

650 1060' I' I 3-48 x 3/16 PAN HD Pt-IL HS SS SEHS I 2.00 
----- 650 1C60 LJ: ___ ,__ 3-48 x H~ p~"" HO_ M~; SS . ·--·--------. 2.00 

650 1C8l 1 I I I 3-48 )( 11i4 Fl,ll f-10 14S BK OX I i 1.00 

6~0.-~lM_ I .. I I I II '!=4Q __ ~ .1!~~-~q~_!:!~. CA_! _!_l!l~Ci~~-----------·-------r-' 22_ .·~000_ - -
650 3060:, II 1 ,6-32 )( ,3116 1ALLEN HO SET:> REW S:> 
650 3C80'f_ll .. : .. :L 6-]2 X .1(.4 PAN HD _PH'-, .MS._S ~EM_S_______ _ __________ _ 1.00 

_____ ._:~g ~~~~'·-~~~ :=~~ ~ -~~i6F.~~T H~o Pl~~o H~E-~s q ~s ~-~--------- -- -- ---- :1~: ~~ 
650 l 120 I I ~-32 ~, 318 PAN HO P'"il MS SS SEMS 3. 00 

_____ __.._~~Q_:_H66 . r.l~~~-1 a-M!~ ~L'= 1;'.!!~G Lac ss 1 2_! __ ()_0 ______ _ 
• ,65014Q61 ,,,Q-~2.X 1/16, soc ~ET lCREW BK ax 1.·00 

_________ !__ ,65014982 -----M1f173?~~1,t_~L.1;H~ .P~.ll>._RKE.R_ U~O~R_CUJ),______ I 2.00 
t50. 4C87 'i ~-;-32 1 )(,lit\ .lRU~S HD ~S , 4. 00 

--;: :~~ ·:~~ ~ ---- ---~~:-:~Ux~1 ~1 ~&{:~/~. ':H~or-·PoiN-,--ei(ox 1 ~: ~~ 
.-------· -· -&-~Q_!!?.9_5 1 I' 87~~ ._Lj!_@..jQ~_!:f.l!_!l!~Q9L__._-.--------------------'-4 • 0Q ··-----

[------ ~-::~ :;g~ ---~;-~is~,~~=2:ic~1 ~~l=~~~~~tm. '_p~.__.,s__________ _ _______________ __ _ _ ; ~=·~~ 
, , f.51· 1727 · 1•1 Rf;TAINI~G RtNG2CRES~ ~~4ARC 5103-25 ' 9.00 

-~---:-. :~~;~~~~ - ------~ 11°t~!~~~~~E~:Nu~ ·~(~!· ~;f.rpi~HICK ________ ----- - .... -- : ~:.~~ 
______ 1 --:::6~L§OQ!> JQ::~Ll~~.-~lJL.~~--~ I 2. 00 -

, , 6S2 6005 1 . 10-1~ E~A sr,1c poP~U ' 3. oo 
____ ________ 651 1000 -~---·•rm~ 1 .1 tn '· tK_ WASHER -----1 __ _______ ___ ______ ___________________ _____ _ 1 2. oo 

'· 653 2()00 .1Nr! .. ft,f~AJ,WASHE~ I I I I 'I I 2.00 

i - ---- -- . '. :~~ ~~g~ -----~1J.~.~;·; :~~~/ .. ~~H~:s~~R --- ----------- - 1~: ~~ 
_____ __..._.•' ---'-6~~3901 11' iNn~Lit'J_T_!_~ WAS!f~R I 10. oo _____ _ 

" ·65J •. ft.COO I' ,N,O •. ,8 F~AT WASHER ' I "· 00 
_____ •.....,.'.65 l: (t~O l __ i_11 ,NP~ .. !J. tN.t .. "I). ~KL WASt-l~R _ t-•t----- _ _ _ ___ ---------- 4. 00 

:~~· !~~, ·~~g~-----~::1~J.;,: :~~T~~t~~~~~~~~- ~bc;K _W_A~t!ER _________________ _ ____ __________ : · ~:· gg 
---- 654 1250 CLAl4P• CABLE 1/8 INCH . -----~---·-·r: 2',00 

----~6--.5_6~0~2~1~6 TIMING BELT U9T 400P l/4W BOG ll9M 1 • ..0..o-'O..o _____ _ 
656 1003 OPTCR MAGNET ARNOLD l.G. SU 1612 l.oo 

• 

• • • 



--1 

• 
REVISED AS OF 

I I - . 

• 
WANG LABORATORIE5, INC~~ 

Bill OF MATERIALS 

l77 2212 10 

• 
PAGE 10 
06/18/76 

LEGEND ASSfH~LY PART ~UMBER 
ASSEMBLY DFSCRIPTION 2272 ORUM PLOTTER (3 PENt -·-~·-~I.LI.A§ ·-~~SJ:~JlJ~- _.TEH __ tU•FRACTI ONAL QTY 

___ P_~RT _14U"48ER ... ()E~CR I PT ION _ _ __ -·---- ---·------ ______ -·-- _______ QUANT[ TY 

660 0555 SHCE,BMKE PAD(51>R6631)-1ZJ 1.00 
_....... __ 2_1_9 ____ 5_0_5_0 ·-i 1--· 1 PEN & i·fou~n--A s s Y66 3 ~ z i ---- - -- i ~-oo 

000 0005 LABOR PRODUCTION SYSTEMS 4.00 
------------- 000 0011 LABOR QUALITY CONTROL ... -·---------------------- .BO 

'" 
tu 

-----·----·--------279 5050 12 CARRIAGE & BEARING ASS'f 66630-12 1.00 
458 0342 PEN MOUNT,CARR!AGEl53)C6610-160 l.00 
465 0249 BEARING,GUIDE PINl53) A6630-138 6.00 

219 so5o--i3 ___ sRKr Assv-LH PEN Atru.\rnR· A6630...:.11 l.oo 
451 442 3 _ ____ . BRK T rLH PEN AC rtlA TOR I 53) C6630:~Jl~- ----·--------------- . 1. 00 
458 0351 HANGER,SPRING( >3!06630-198 1.00 

______ . __________ 279 5050 14 BRKT ASSY RH ACTUATOR ,\SSY Bb630-l4 _______ -·- 1.00 
451 4424 BRKT,RH PEN ACfUATOR(5JJC6630-116 1.00 
456 0351 HANGF.R,SPRINGl53)A6630-l98 1.00 2·1cr-scrsc,.-··1--5 ---aRKTAss·v M100LE - PEN- ACrR 00630:..15 1. Oo ________ _ 
451 4426 BRKJ,~IOOLE PEN ACTUATRl53JC6610111 t.oo 
450 Ol51 HANGER, SPRING I 5 3 J 86630-198 - ---- - -------------·---·-------- ---· 1. 00 

320 1013' H SOLENOID,PEN ACTUATINGl51J86630-Zl2 3.00 
----· --- ---- 451 4439 8RKT,ACTUATOR SUPPORTl53tD6630-158--------------·------·--··-- 1.00 

452 0050 PLATE,3 PEN GUIDEl53)C6b30-118 1.00 -------its a· 034 i- -RflA INER, SPRING I 53)86630-136·- 6. 00 ---· 
----------- 458 0349 RETAINER,RALL PEN SPRGl53)86630-186 ______ . ____ .. ___________ 3.00 
,, 458 1 0350 HOLDER,PENl53lCb6JO-l34 3.00 

·----- _ _ __ 458' 0352 ·----- CAP,BALL PEN ENO I 53 t 86630-184 -------- ----·-··-------- _______ 3. 00 
458 0353 1 AOAPTOR,RALL PEN ROTTM(53)86630-l85 3.00 
456 0358 CAM,PEN LHl53l86630-188 l.~.QQ 

---461 jz5z--- -PiN,GUIDE(53JB66fo..:l4S-- - 3.00 ______ _ 

··-----------· 461 3253 SHAFT,llCHAfOR.(53)86630-143 -------··-- ------···--. 1.00 
465 0419 CCLLAR,l!CTUATDR BRKT(53lB6630-197 3.00 
465 1638 SPRING,COUNTERl53)86630-153 ·------------------ ··-·-·-------- ___ -·--- 3.00 
465 1639 SPRING,PRF.LOADl53) 3.00 
465 1640 "C"SPRlt-;G,END CAP153)136630-204 3 • .QQ 

-------;;65-·1642 ____ coiiiPRFss1 oN SPRiNtt 511 Lc-oioc-1 1. oo ______ _ 

-----·---- _ 655 0168 KNOA,AOJUSTMENTl53lB6630-133 _______ 3.0v 
2·7,9 5050 22 X ORI.VE & FRAME ASSYllNCHl6630-22 1.00 

... _______ --· QOO, 0005 LABOR PRODUCT ION SY STEMS ------------·------·-· _ ----··------ 7. 00 
000100111.j 4A80R• QUALITY CONTROL 1.40 U#' 

-------'l"'-7~,9--1_5~0~5.!t_J l, SHAfiT1 & SP.RQCKFJ_A_S_~Y-'- ~,,~~-o-u_ 1. oq -----
461,j 3265 SHAfiT1, SPRUCKET(.53)66630-214 1. 00 

. 4 7.81 0307. PULLEY ,MOLDED SPROCKET( 12W I 663Q-J 76 -----· ____ 1. 00' 
6511 115301 ROLL PIN .078 X 1.12 LG SS l.00 

--------·------~7.9..!._~0j;01 1181 MOTO~ ASSY, X-'(.ORIVE C6630-1_8_ _ __ _____________ _ . __ -----· 1.00' 
1 0001 0005 LAeOR PRODUCT11iON1 SYSTEMS z. 00 1 
, I 



REVISFO AS~O~F ______ _ 
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WANG LA~ORATORIE5, INC. 
Bill OF MATERIALS 06118176 

PAGE 11 

ASSEMBLY PART NU~BER 177 2212 Wl LEGEND 
----~-~~E~_!l.LX.DE~CRIPTION 2272 ORUM PLOTTER (3 PENI •=KIT TAG #:STATUS ITEM ###=FRACTIONAL QTY 

PART NUMBER ___ '?E.~.~ RI PT I ON -·--·--------- -·----------------------~Q_U~~J I TY·----------------

000 001 l _____ LA"OR QUALITY CONTROL 
400 0005 # STEPP ING MOTOR 5UPER IOR HS 25 
465 0216 T023 BEARING (RULON) TARRELL#0406-2 

-------·------- -- 465 0942 - - -·-· SPRING, Mi\RG RACK RETURN 85776-365. 

465 1110 732 FLYWHEEL ~6403-198 
478 OJ09 PULLi:v;x-& Yf.IRiVE-MOTOR C6630-l96 
605 1004 CABLE TVEr PAN-TY PLflM-M 
65l 1534 RCLL PIN .078 X .BL STEEL 
651 1734 GRIP RING TRUARC 5555-18 
653 ·6018 3116 ID X 3/4 00 X 1/16 STL.WASHER 
654 1163 R 1 SOCKET 20-14 GA(REEUAMP 61117-4 
6514 ii85 6 p•os soCHOUS i ~G--ili·l°P-l-4S02 70-_..,.o ____ _ 
'651> '0006 73'2 ANNULUS CORK, CRINGJ 66403-187 

--·--------····----f19- 1fci70 l.o SrDE PLATE l\SSY LH B6lo35-40 
' I 000 0020 ' I I I l AROR PREP ARE A. 

'' '452 0045' .. SIDE Pll\TE,LFFT P.F.162)06636-235 EC5389 

.40 #U 
l. 00 
1. 00 
1. 00 
l.00 

-------1. 00 ---

4.00 
1.00 
I. 00 
'1. 00 
6. 00 

---------'1.00 --------·--

,1. 00 
,1. 00 
I o 01 
,1. 00 

### 

1 461 3l<J8 1 MP-70 SPRING PIN 86615-167 
·rn5o7tl"-41-- ··:-froe PLATE Assv RH R6t.35=4i ·-----.=.o.-------------- ____ l.00 ·----··---

1. 00 
, • O? 
1.00 
1. 00 

. 000 0020 1 LABOR PREP ARFA .. _____ _ 
452 0046 • SIDE PLATE,RICiHT P.F .. 162)06636-235 EC5389 

1 • 461 3lq8 MP-..70 SPRING PIN 86615-167 
-------------·--- •]25 00211 -··- ON-OFF ROGKER 0 SW SPOT TA20l TW-8 

'~60 '0000 1 FUSF. HCLnER 90 OEGREE CONTACT 
•4fo 'zooi 1.1Ne-F1LJTER°,2 AMP···zai- · ---- ------·-----------
·420 lOdO 1 Cl!JRO POWflR J CO~!l 
·451121315 COVER,PAPER GIJl06 LHI B>D6630-210 
'451'2136 COVER,PAPER Glll06 RHIBID6630-210 

------------·------~-----·- -.451 14450 BRK T, CON~ECTOR ( 3f. Plf\l) t 53JC6630-526 

I 1. 00 
1. 00 
1. 00 

/ 1. 00 
l. 00 
1. 00 
1. 00 
l. 00 451 '4451 BRKT,A.<!:.MOUNTlllJGl531Cb630-527 

-.,,,...-------~--~·-~~----------457-0055. PLArE,PAPF.R DR AnJusr1s3is6630-21s 
452 OC56 I PLATE,LF.FT SIOEl53106630-100 

'452 ·oos1 1 PlATF,RIGHT s10Et53>n~o10-21a 
'45? ·oc5a I Pl ATE ,c1111 SPACER r 53) Bb630-216 

------------------ :'452 ·4biJ0 1 I : OU,~E ,Pl\PERC53106630-201 - --

4 5 IJ 0 3 5 8 · I C AM, P F N L H ( !H) 0 60 '3 0- 1 R 8 
-------45£i-0359·, I 1 ·I· CAM~PEN RH4 53) B6b30-l BS 

461 154~' I I • BtOCK,CA~(MOLOE0)(53JC6630-217 
----------- ------; 461 '3 260 i ,-1 --------. - SHAF J, PAP ER GU I DE( 5 3) 66630-187 

__ -·-----·-·-·461 326'2_'.'..!_ · ''' STUO,SIOE PRAMEC53JB6630-206 
461 3263 STUD,CLUSTERl53)866l0-Z07 

I 

2. ()J 

1. 00 
l. 00 
2.00 

I lo 00 
~1.00 

I 1 • 00 
l 2. 00 
I l. 00 
4.00 
i.oo 
1. 00 -------...:.46~5:;...._0=2:::..:l::...;9 .~ 702 ROLLER SEARING TORR. J45 

465 0420 . CHLAR,SPROCKETl53)C,i.630-189 ·---·-·-- i~oo . 

• • • 
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RILL OF MATERIALS 

ASSEMRL Y PART ~UMBER 177 22f2W3 __ _ 
---~S~_~H_JtLY' OE SC~ l ~UQ!L_Z272 DRU~ P_L;Q!tF;~ 1,3 _P~t-p. 

• 
PAGE 12 
Ob/lB/76 

LEGEND 
___ ---~·-~JLT~_G ____ ~.._s I~HJS _JTEM IU•FR ACT I ONAL QTY 

··- ----·- - -···------~····· - ;!•··· t I- ,Li-1•-----~i-- ·-•- ... :..-.,--·~----1--4-4-"-----
I ------------------- ------------------···· -- -~------ ---

I ' . . . ' I 
I' 

I •HI 
---------.---r.-.~t1----·---t-:--t-i--r-..+-t4"--;---~--~-t--'--~------~--------:·:----·__:_ _________ - ---------------------

I I• .... I I II I ' 
I , " 



REVISEI' AS OF 
I I . . 

WA~G LA80RAJORIESe INC. 
BILL OF MATERIALS .. 

PAGE 1 
06/ 18176 

ASSEMBLY PART NUMBER177 2iUMJ LEGEND·--·-
. ASSEMBLY O~_S«:_Rl,PTICN 2272 ORU~-!~Q1'.JERl!"'ETRl_C_LfEN __ ) -----~_l~TLJ~_G __ #=STAJ~S 

PARJ NUMBER ____ .. . DESCRIPTION 
. - . - . ·- ·- ---------- - .. ----·-----· -- ------ ---·-----------------------

000 0005 lAeOR PRODUCTION SYSTEMS 
---000-6011 LABOR- c'uAi..i ry' CGNTRO(" ·---

210 7070 A f 7070-A MODULE 
.. 'io9-7ofo # 1010 W/UNLOAOEtf SOCKETS 

000 0001 LABOR SUB-SYSTEMS 
-------- -- .. ----·ooo OOll LABOR QUALITY CONTROL -··---

300 1900 .05 UF 12Y +80-201 CERAMIC CAP RF2176 
--~300-1.000 i-uFJsv-·1ot-nN1·ciiiAci'toii1Ai RF2106--

300 4017 5.6 UF 35V lOt TANT CAPACITOR 181 RF2106 
---------------- 300 1to22 ---15 UF 2ov ioi ·rANt-cAPAc1roR--cer- ---

321 C008 10 ~c .osi RLILEV BXW OSCILLATOR 
330 1010 ·- 10 OHM 114 W lO:C .4 RESISTOR . ··--·-··---
330 2018 180 OHM 1/4 W 101 .4 RESISTOR 

ITEM #U•FRACTI ONl\l QTY 

QUANTITY 

11. 00 
z. 20 #U 
1. 00 
l. 00 
1. 10 '"' .22 HI 

13. 00 
1. 00 
1.00 
4.00 
1.00 
2.00 
1. 00 

--------- 330 ·zon 2za· OHM .. i14"w iol-~ltResTsT=o-=R--- -----------2: 00 _____ _ 

330 3018 A.BK OH" 1/4 W 101 .4 RES.STOR 1. 00 
130 3047 4.7K OH~ 1/4 W 101 .4 RESISTOR RFZl76 12.00 
330 4010 lOK OHM l/4 W 101 .4 RESISTOR PCBFNL 7. 00 
330 4047 --------4?K OHM 111tw ioi .4 Res1sloif-- -PCBFNL 1. 00 
315 1050 TRANSISTO~ SPS655l 

-----------316-0002 7400N._INfEGRATEO CIRCUIT 
----~~_O_Q_ ______ _ RF2176______ 1. 00 

376 0003 7410N INTEGRATED CIRCUIT 
37t 0004 7420N INTEGRATED CIRCUIT 

_____________________ 376 0006 ______ H74N INTEGRATFD CIRCUir 
376 0008 744ZN INT~GRATEO CIRCUIT 

RF2176 -- .. -

1.00 
1. 00 
1. 00 
2.00 

376 0010 7404N INTEGRATED CIRCUIT RF2106 7.00 
376-ooi6 7402-·INiEGRAff:D -t IRcu=n=------- ·-·---------·-·1.00 ______ _ 
376 0073 7490 INTEGRATED CIRCUIT 
376 0061 7408 INTEGRAT~D CIRCUIT 
376 0093 74!2 INTEGRATED CIRCUIT 
316 0094 7416119316 IN'P'EGRATEO CIRCUff 

RF2 l 76 
RF2176 

1. 00 
l. 00 
1. 00 
4.00 

37E .0098 74174 INTEGRATED CIRCUIT 
-----------316·-0104--·--9602 "lpfffoRATEO CtRC Ul T 

--- --- ·-·-----1~ 9~0 _____ _ 
RF2106 

376 C158 14LS155 l.C. 
37f 011e 15122 1.c. 
376 0193 74LS368 I.e. 
376 9008 IC PAO 16 PIN TFKNA #4330 PCBFNL 
376 9011 40 PIN IC SOCKET BURNOY t DIL8Z40Pl PCBFNL 

----------~3.769012 14---Pr'NlcsocKETCAMB ION--·-·--· 
380 1001 48 0035 SIL DIODE 30~, lOOMA _l~ lY .4B 
510 7070 # 7070 PRINTFO CIRCUIT BOARD 
605 0117 • P.v.c. TUBING 3/810 CLEAR PCBFNL 

377 oi69 . S080A MICRIJPROCESSOR ___ ..... -------------- .... 

• • 

1. 00 
1.00 
1. 00 
4.00 
1. 00 

__ _:l._00~------
1. 00 
1. 00 
1.00 

• 05 
1. 00 "' 

• 



ce • • 
RFV ISEO AS OF -·-. -; ·-,-- ------ ~~t'.l~-~-A_!Hl~_ATOR I[ $1-=I N"""C:....:•<----------'P-"A-'-'G'""'E'---2-----------------

8 Ill OF MATERIALS 06118176 
-·- --·-·----··. - ·-···---· -- - ----- -- ---·· 

ASSEMALY PART NUMBER 177 2212 M3 LEGEND 
__ ASSEMBLY _DE ~C~ I PT ION 221?. O~U'°1 _PLOTTERC~ETlqC._ 3 PEN_! _________ !:-~U __ I~G ll•SJ'AJUS ITEM ••••FRACTIONAL QTY 

____ fART NUMBF_R;..;._ __ _ OE SCR I PTI ON ------------------·~--Q~UANTLTJ. ______ _ 

·- 210. 7071 _A ·- _,. 7071-A MODULE t.co 
209 7071 # 7071 WIUNLOADEO SOCKEfS 1. 00 

000 0001 LABOR SUB-S~STEMS .80 
000 0011 LABOR CUAL 11 Y CONTROL • 16 
lOO 1900 .05 UF 12V +6c-2oi CERAMIC CAP RF2109 1.00 

---300 -i910 .1 DF-5ov-•!i"o-2o~··uRAMiccAPCH-1F_R_c---'RF"21o_9 __________ e. oo 
300 4018 18 UF 15V lOi TANT CAPACITOR 181 RF2109 3.00 
300 4025 5.6 UF 35V ')I TANT CAPACi-TtJR-·ifff- RF210q -------~ 1.00 
376 0008 7442N ll'HEGRt\iEO CIRCUIT ____ __ _ _____ 1.00 
376 0010 7404N INTEGRATED CIRCUIT RF2109 3.00 
376 0193 74LS368 l.C. RF2109 3.00 00 -----·----376-9003--·---·--g PiN-·rc·sucl<ET BURNOY_______ -·-·-·--4:-00--
377 0069 2102A-4 I 2102-1 I 91028 RAM RF2109 e.oo 
510 7071 # 7071 PRINTED CIRCUii 80AR5 1.00 

377 0317 fl 2108 INTEL PROM _ _____ _ _ __ -· _____ ---· ___ 4. 00 
210 7072 # 7072 ~ODULE 1. 00 

UI ... 

~00 0001 LABOR SUR-SYSTEMS 
ooo· oo 11 ____ --·i.4eoR·· -· oLiACirv. CONTROL----· 

• 55 .,,,, 
.11--,,,----

300 1900 .05 UF 12V +80-20t CE~AMIC CAP 
300 4022 15 UF 20V lOi TANT CAPACITOR lBt 
330 3010 lK OHM 114 W lOt .4 RESISTOR 
350 0009 225-21521-10500 PC CONN SOlD~~-iYPE 
376 0006 7474N INTEGRATED CIRCUIT 
176 ooio -- ----74o4N ___ I NTEGRHEi:i""c"fRc·u I;;---· 
376 0139 7414 1.c. 
376 01e3 14111 1.c. 
376 0191 74LS368 1.c. 
510 707? # 7072 P~INTF.D CIRCUIT B·JllRO 

210 7073 # 7013 MODULE 
000 ooO'C -----iABOR--Stfo=-sv·srE~S-------·- ----· 
000 0011 LABOR QU~LITY CONTROL 
300 1470 470 PF lOt CERA~IC CAP~CITOR 
300 1900 .os UF 17V +Bo-2oi CER~~IC CAP 
300 19Cl .l UF lOV +-2oi CERAMIC CAPACITOR 
300 1906 .001 UF 200V toi CERA~IC CAPACITOR 

RF2105 
EC5580 
RF2105 

-----3oo-4ci22-· 15-u!=· 2ov-1oi- r4~Y Ct\D4C i TnRCBf--··--· 
330 1047 47 OHM 1/4 W toi .4 REilSTOR 
330 2010 100 OHM 1/4 W lOt .4 R~SISTOR 
330 2027 270 OHM 1/4 W lOt .4 RESISTOR ~ 
330 2039 390 OHM 1/4 W 10& .4 ~~SISTOR 
330 2068 680 OH~ 114 W lOt .4 RESISTOR 

-----~=30 30l0- lK OHM l/lt w 101 .It RF.SISTOR ___ R_F_2_1_0_7 

1. oo 
2. 00 
3.00 
1. 00 

__ __,l:..;:._Q_Q ______ _ 
2. 00 
l. 00 
2.00 
1. 00 
l.00 
1. 00 

------2. 75·--,,#,_,,.-,,--~-

• 55 U# 
2.00 
9. 01_1 

1. Q') 

--~2.oo~------
2. 00 
1. 00 
1. 00 
B. 00 
2.00 

---------~1 .• ~o_o ______ _ 
1.00 -------------........ ==----------...................... -~~~-==~~~~~~ -·------- ----· -- -- --



.:.: . 
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REVISt:O AS OF 
I I 

WANG LABORATORIE~, INC. 
BILL OF ~ATERIALS 

PAGF. 3 
06/18176 

----·--- ---· -- ------------- -- ---------- - - ---------
ASSEMBLY PART NUMBER 177 2212 M3 LEGEND 
ASSEMBLY DESCRIPTION 2212 DRUM PLOTTERIMETRIC 3 PENI •=KIT TAG #=STATUS ITFM ###=FRACTinNAL QTY 

PARJ_NUMRFR DESCRIPTION QUANT I TY 

330 1012 l.2K CH~ 1/4 W lOt .4 ~ESISTOR 3.00 -------336-3oi5 ______ l~5K. OHi•( i/4 ·w· 1oi -~ 4 HS I STOR ·-------------- l. 00 - -------- - - - ·-- -
330 3022 2.2K GH~ 1/4 W toi .4 ~FSISTOR 2.00 

-- --- - ------. 330 3027 - - 2.1K CHM 1/4 W lOl .4 RESISTOR RF2107 3. OJ 
330 3033 3.3K OHM 1/4 W lOt .4 ~ESISTOR l.00 

---- --------- 330 3047 4.7K CHM 1/4 w lOt .4 RESISTOR EC5628 29.oo 
330 4010 lOK OHM 1/4 W lOi .4 RESISTOR RF2107 1.00 330-4033 ____ l3K OH~l/4 w-1oi-~4 RESISTOR _______________________________________ i.oo _________ _ 

332 1027 27 OKM l w lOt RESISTOR A.oo 
336 1014 lK TRl~POT 90 OEG MOUNT BECKMAN¥72X 2.00 
374 0002 REGULATOR -5V l/ZA FAIR~79M05AUC EC5613 1.00 
375 1017 T0-18 SIL PNP (RE GT5441 C5300-l038 EC5644 A.00 
375 l0i!7 2N3725 TRANSISTOR RFZ107 ----------------------- 5.00 ________ _ 
375 1034 .2N61 l l -PNP PL AST ic -POWER-TRANSISTOR 3. oo 
375 1051 TRANSISTOR 2N6297. (PLASTICJ 9.00 
375 lC5Z TRANSISTOR 2N6387 (PLASTIC) l.00 
375 1053 TRANSISTOR RCA8203A (PLASTICI 2.00 
375 9001 TRANSIPA~ 8977887-1 (LARGE PCBFNL 5.00 
375 9004 TRANSIPAD T0-18 ISMALLJ 8.0G 

G'· - -----j-75-cfcH6- -MICA. I NSIJL llDF io:\A -f:orf 375-lOH/ 1035·- PC8FNL______________ 16. 00 ---
376 0008 7442N INTEGRATFD CIRCUIT 2.00 
376 0010 7404N INTEGRATED CIRCUIT 2.00 
376 0053 74t<n INTEGRATED CIRCl..lr 2.00 
376 0066 7l3 INTEGRATED CIRCUIT 2.00 

_____ 376 009.~- 7437 INTFGRATED CIRCUIT ·---------·---·- ----------·-- ___ J. 00 
--- 376 0098 --74174 lllJTEGRATfoCIRCuff RF2107 1.00 

376 0104 9602 INTEGRATED CIRCUIT l. 00 
376 0193 74LS368 l.C. 3.00 
376 0194 7411 r.c. RF2l07 4.oo 
380 3004 GF A-15F RECTIFIFR 2.00 

----·--_}~ Q._~O.Q9 F~401 ___ L1~~00~--.R~C UFH~. _ ------~f i!_lQJ _____________________ _19. oo ________ _ 
458 0320 SPRING STOPIFS-3)66640-107 PCRFNL 1.00 
456 0321 COUNTER~EIGHT ARMIFS-3tC6640-l09 PCRFNL t.oo 
462 C270 SPACER,#6 FIBRE 9/16 LG HH SM8893 PCBFNL 2.00 
510 7073 # 7073 PR INTEO C IRCIJIT f\OARO 1. 00 
650 3120 6-32 X 3/A PAllJ HO PHL MS SS SEHS PCBFNL 3.00 

" 1 ~~_Q_] 131 6-31 X 3/8 NYLON COVEP.ED FIL HD SLT PCBFNL ______________________ 16. OQ __________ _ 
-------650 3200 --6:.:12-·-x-11a-·i>AN- Ti-6 PHC Ms ss Tc·sFNi- 2. oo 

_ 653 3001 NO. b INT T LK HASHER PC8FNL 2. 00 
270 0330 DRUM PLCTTER CHASSIS ASSY 1.00 

000 0001 LABOR _SUB-SYSTEMS _ 3. 50 
COO 0011 LABOR QUALITY CONTROL .70 

• • 
fHI" 
"" fl 

• 



~ 

•• -...J 

• • • 
-· _____ Rnl~JD_J~~__QF ________________ !ol~NG l.,_ABORAfO_R lt;_~t l_NC~· __ _ PAGE 4 06iT8116-- - --------I I Rill OF MATERIALS 

ASSEMBLY PART NUMBER 177 2217. M3 LEGEND 
ASSEMBLY DESCRIPTICN 2272 DRU~ PlOTTERIMETRlr. 3 PENI *'-KIT TAG #~STATUS ITEM ##l•FRACTIONAL QTY . . - - -

------·~A~_LJ~ll_MBFR ___ . __ OE SC~~ PTl_9_~_. ____________ ·-· __ --------· QUAN Tl T_Y _______ _ 

. 210 7074 * # 7074 MOOULE(M,6.lf PRFLIMINARVJ 1.00 
JOO 000 l LABllR SUR-SYS ff MS 1. 50 
000 0011 LABOR QUALi TY CONTROL • 30 
300 3058 2000 UF 20V FLECTROLYTIC CAPACITOR 1.00 
JOO '3067 llK Uf 50V ELECTROLYTIC CAPACITOR 1.00 

,,. 
U# 

300 1069 nooo· or=· 30V [LEG TROl YJfCC_A_P --- ----- l.oo ____ _ 
300 3073 6000 UF 25V ELECTROLYTIC CAP 1.00 
300 3017 lOK Uf 75V 2 X 4 1/8 fLFCT CAP 1. 00 
JOC 9003 CAP CLA~P l 3/4 INCH 2 LUG EC56~9 1.00 
JOC 9009 CAP CLAMP 1 1/4 INCH 2 LUG CMC-2~ EC5659 1.00 1 

JOO 9072 CAP CLAMP 2 1/16 INCH 3 LUG EC5659 1.00 
-------- ------- 330 2056 - ---- ·-560 OHM 1/4 11 lOi .4- Ri:S istali ____ Ec56c;9-- ----·---·--i. 00--

330 3047 4.7K OHM 1/4 W lOt .4 RESISTOR EC5659 '3.00 
330 4010 lCK OHM 1/4 ~ lOi .4 RESISTOR EC5~59 15.00 
331 3047 4.7K OHM 112 W 10~ RESISTOR RF2101 1.00 
150 OCll 225-21521-110 PC CONN SOLDER TYPE EC5659 12.00 
350 0021 225-22221-110 SOL.TYPE WIOFF-74 1.00 
376 9016 _____ 24 Pllll IC so1:1<ET "itAMiHifN-,----EC5659-·---·---------1.oa-· 
376 9017 7.4 POS ANTI-WICKING WAFFR EC5659 1.00 
380 3004 GE A-15F RECTIFIER 10.00 
380 4000 EM403 I 1N4004 RECTIFIER 2.00 
452 2563 CLA~P,CAPACITOR 2.00 DIA B68l~-Zl FC5659 1.00 
510 7074 # 1074 PRINTEO CIRCUIT AOARD 1.00 
6CC-901B ______ LA GA TlN~ED COPPER 8us"""wfifE ____ EC5-65"iJ -·-·-·-·- .25-· ""' 
650 3120 6-32 X 3/B PAN HD PHL MS SS SEMS fC5659 9.00 
650 '3160 6-32 X 1/2 Ptt~ HD PHL MS SS SEMS EC5659 '3.00 
652 0032 6-32 lOCK-Nur KEPS 511-061800-00 JC5659 12.00 
654 1010 1#10 GROUND LllG EC5659 8. 00 
654 1106 6 PIJS PIN HEMJFR AMP l-'380999-0 .-1• 00 

---------- 654 -1190 ______ 8 "iios""pfN--HEAl)ER .. AMP-350212-1 EC5659 l.00 ______ _ 
220 1090 P045 WIRE & LUG ASSYl1ZWJD6482-12 1.00 

J00.0001 LABOR SUB-~·YSTEMS .Ol 
600 0000 lollRE 18 GA Bl ACK UL _ _ .13 
654 1163 R SOCKET 20-14 GA(REELJAMP 61117-4 l.00 

U# 
U# 

220 1091 P046 WIRE & LUG ASSYl12W>D648Z-12 l.OQ __ _ ---· ooo-oooT- ------l-.\Bc11i· -·-suA-~.vSTEMS--------------- • 01 flU 

600 OC09 WIRE 18 GA WHITE UL • lJ U# 
654 1163 R SOCKET 20-14 GA(REELJAMP 61117-4 1.00 

220 1092 P047 WIRE & LUG A55Yll2WJD6482-12 1.00 
. JOO 0001 LABOR SUB-SYSTEMS .Ol 

600 0054 WIRE 18 GA GREEN/YELL OH UL • 41 
-----------654 ·0063 R #B ffit LUG_P_E'fi BAf6..:-e-CT2K/REEl I 1. 00 



REVISED AS OF -·------·- .. - I . I - . W4NG LABORATORIES, INC. 
··- - - B Ill OF MATERIALS.. -------

PAGE 5 
-·-------·- 06118176 

ASSEMBLY PA.RT NUMBER llJ 2212. P1ff,------···---- ------------------------·---LEGEND 
·-----~S$_E~~l~.O~_SCIU!>T ION 2272 ORUM R'-PTJERIMEJRl1:_ J PEN) •=-lqT_J_A(; ___ ~•STATI)~_ IT_EM H••FRACTIONAL QTY 

---~B.~!4~~~-1 .., • ._,. O~~~AtPUPN. . ----· ······----------~--------- ,.---- Q~A~TJ T'f, . .. 
I I I I I 

11 " I' I' 'l'l~5~ ll6J R ' ' SOCKET 20-14 GAIREEUAMP 61117-4 J,99 ______ _ 
p9 1013 . --~~ue cHAss·isisisf..Assvii2w>-- =-:..:'---'----------------+1.00 

• ' 11 '' I•• 000 0011 LABOR QUALi rv CONTROL • 04 
. . - --- . 000-0020 ~- ·-- . LA~OR,PREP AREA. . ---- -·----------------·--·---- .70 

' I' '451 llOZ l,C ... ASSIS WELDMff53tPLOTTER C6630-521 1.00 ' - -·- . -~~:i ~0~~4 -- --- RIVET AVDEL .O~HEHEAO ii2so6I7- ---------- 4.00 

... 
•U 

-------------~~Q.203 ____ F_~ET. ~l~~K_ C!l!~~NE BH 2096 1! o...o.o ______ _ 
325 21121 ,, 1 , SLIDE sw .. 1151230 VAC 1 1 l.oo 
334 OOlOu __ L. 25 OHM 25 WATT FIXED RESISTOR _____________ ----------·---- __________ .4.00 
400 1C07"' I' ' FAN,HO\,Af{Q. 3-90-8117 I ' l.00 
/tlO 0104 ... L 1.1.#1 MMC 571~ TRAr-.SFOR"1ERC-l2WtC5068_-_l_Q~-~~~~'!_________ ___ ___ 1.00 
451 4442 '' I BRKT,FANC5'HC6610-Zll 1.00 

_______ 4~~~'!'!3, ; , , 1 , , .!J~K.! ~E_A~~-1~~- s~~~~l_,_5!_!B6610-s15 2. oo 
451 4444, 1\1 It'. RRKT,SLlDE SIHTCHl51tC66l0-52't. 1.-oo 
510 6749 . ._.i-'-.if'~6749 PRINTED CIRCUIT_ 80ARO -----·----------·- l.OO 

,.. 600 0000 l I ~.'I WIRE 18 GA. BLACK UL I 3. 3~ 
""'.. 600 90\8. hi. !t~ 18 GA TINNFO .COPPER .eus WIRE. -- ---·---------·----·--. 1. 0\) 
' 605 0002,, I •.'I TUOING #15 CLEAR I .59 

..... ---- __ ..=..69U.9H.l- .• I I I !.U_~tNG_~-~-f.l~AR ____________ ,,---____________________ --=z. n 
~ 605 0123, 1 • 1 ,,SHRJNK TUBING TYPE RNF l/16·10 BLK .25 

-~05 1004 1 '-...._i.Li-~ABLE TYE, PAN-TY PLTIM-M1 _'_ _ 6.09 
650 208 7 1 1 , , , I 1 4-40Xl /4 ·PAN HO PHL MS1 SS MAG. SENS 8. 00 

------- 650 3120, ~4-·-•- _ 6-32 X 3~8 PA~ HO PHL MS SS SE~~-- ___________________ -·--. 1 2. OQ 
650 4120 111 , , 8-32 X 3/6 PAN HD PHL MS SS SEHS z. 00 

.,,, 
tlU 

#fl."'----
# U 

______ _:.650 4160 , 8-32 )( l/?. PAN HO PHL ·MS SS SEMS 6!.QQ _____ _ 
650--4800 1 ., ,. a=32 x-z;t/2-i>iN-tio'Pttf"Hs,ss 1t.oo 
651 0401. --~-4~~-RIVET PO\' l/8 X 3/1~ · '. ___ :_ __ '.____ z.oo 
652 3000 I I I ' 6-12 HEX NUT SS . ' 1. 00 
653 3001, ...... --1+~, NO. 6 SPLI f LOCK "1EO WASHER _ __ _ __ --------------- • 1. 00 
653 4COO , 11 NO. 8 FLAT WASHER 4. 00 
t-53 6013 1 3/l6JB/4X.032, STEEL WASHER CAO PLTE 4.00 

--------"6-54fori~,, 1 , -#6- GRCUNo-[uG·-------- · 1. o·"-o _____ _ 
654.1175,_,_. +•-··1 POS SOCKET HOUSING A'IP 1-489.304-0 ----·----------- \.oo 
654 1274 CABLE CLAMP AOH.BACK DKLSP 021-0375 l.oo 

________ 654_ 1ZB6 ,.,, ·.. ,FLAT _CABLE CLAMP 1H'3484-lOQQ________________ 3.0~ 
Z79 5050 ~f,NAL. ASSY COM"10N PARTS 1.00 

------~000 0005 LABOR P~9r:l~CTIOfi..H.H .. ~M_ ...... s ____________________ __,,:..::.•QO __ -----
00.0 001,l t,480R. , QUALITY CONtPOl .40 tit# 

------~210· tQ.!_5 ...... _, ~. 1 70_7~_"-_0JNLECKIH_ __ . -·' ·-·-- -----·----·--··-------------------- _ l.00. 
qQQ QOOl ~ABOR SUB-~~STEMS 

___ .QO.Q.J>,O.U,ic ______ J,_A~Q~ __ g\j~IJI!...~9NTRQ~----------------------·---------·--· 
.. 300 i.022 , 1, •• , u Ufi 2ov lo.i . TANT CAPACITOR c 01 

• • 

1• 80 
.,• lfJ. 
1. o~ 

"' ""' 

• 



• • • 
---· REV t S.fl> A S:..->0:..-F __ _ _ __ ~~l'_G __ l!~HIB~.I!l!tl.e.S..t_lli<U__ ___ _ PAGE 6-_ 

I I Bill Of MATERIALS 06118/76 

·-----ASSEMBLY. PARTN°l.IMBER l ff 2212 .,d --- -···-· - - ·--·- - - -· .... - ..... LEGEND______ --
___ As~.E~B_l Y _l!~_sc;~_tPTION 2272 __ Q_R!J~ __ PLOTTERIMETRJC 3 PEN) ••.K_I!__!~(;__ l•STA.TUS. __ ITEH l#~•FRACTJDNAL QTY. 

____ PA_R_T_N_U_H_B_E_R _________ [!E~CR IPTION _ ·----------·-----------------·--------Q ..... U_A_NT I TY ___ _ 

325 2228 4 POS JNTLK SWl53)86630-lq3 l.00 
325 2229 _____ 5 POSCJ-2HNTLK S\.fl53JB6630.:..i94 ------- --------·- 1.00 

----------------- ~~~ ~~~~ ----. ~~gM~H~ 1 i~~ ~w~~ili.:0 :e~~~~aR·---·-- RF2lOB - --·. -·- ~=~g 
330 1056 5.6K OHM 114 ~ 10~ .4 RESISTOR l.OO 

·33(j 4010 lOK OHM 114 w· 1at -.4 REs1s-fb_R ____ Rf:2Toii ___ . l. 00 _______ _ 
130 4018 l8K OHM 114 W lOi .4 RESISTOR 1.00 
370 0027 ··----· LA"'IP,ORANGECLEDJMV5154 ·- --·--- ·---·---····-·---------1.00 

375 0017 2N3014 SILICON TR~NSISTOR l.00 ··--·- ·- --· -----·--- -----·----. - -
375 9004 TRANSIPAD T0-18 (SMALL) PCBFNL 1.00 
376 9016 24 PIN IC SOCKET CCAMBION) PCBFNL 1.00 

·3n,-··901 i z4· l>as·-ANrt:...~uti<iNG -WAFER--------'p-'c:.--'.AF'N-L-·----------1:00-

380 1001 4B 0015 Sil DIOIJE 30Vr lOOMA AT lV .48 RF2108 ·---·-----·------- 1.00 
--:--··--· - 510 7075 ' 7075 PRINTED CIRCUIT BOARD . l.oo 

605 0120 TEFLON TUBING #22 CLEAR 100 FT ROLL PCBFNL .oe --------22o-'oTo5 z22i-PRINTER CABLE C6422-l29 -- ·--·-- - ---------··--·--·· 1.00 
.. ,, 

000 0001 LABOR SUR-SYSTEMS .41 I## ----------"""oocf·oai l LABtlic·--QUALifY ttiNTROC-·--· ----·------. 00--.;.,------
350 20(,7 36 POS.PLUG-26GA.STRND AMP#55247<>-l EC4937 -----·------·· ----·· Z.OO 
350 4228 36 POS.SR COVER AMPM552073-l EC4937 2.00 
420 0025 18 TWISTED PAIR 26 GAUGE EC5402 -·--·----- _____ .13.00 
615 1297 LABEL PRINTER CABLE CONN A5300lOiY-EC5402 2. 00 

220 0146 DRUM PLOTTFR 110 CABLE C6482-105 ----------------~l·Q'L -------'==-'- ooo 000_1 ____ L.isffR - su0:.svstE'1s • 50 

000 0011 LABOR QUALITY CONTROL __ -·-·- ____ -· ---·---··-- .10 
350 7.066 36 POS CHAMP CON~CFI AMP Z-552475-1 l.OO 
350 4225 STRAIN RELIFF,36 POS AMP 1-:~'~2~!:-_l _________________ 2.00 
420 0004 36 CONDUCTOR 26 GAUGE CABLE z.e4 

UI 
U# 

... 
_ 510 5223 C 5223C PRl~TED CIRCUIT BOARD l~~O 

325 2228 4. POSJf•iflK- SWl5.3J A661o:..fc):f- l. 00'---------
-·-·-----·----- 325 2229 .. 5 POS(3-711NTLK SWl53)B6~30-194 ··-------··------------ ________________ l.00 

325 9020 . 3300 PUSH RUTTON WHITE J52309 5. 00 
325 9021 3300 PUSH RUTTON RED J52309 1.00 - ·- - -- ·- --- ------
325 9018 400 PUSH OUTTON CENT LAB J52309 GRY 3.00 
370 0026 LAMP,RFD ILEOI MV50?4 1.00 

-------4.500102 # c·ai/ER-;·s15E {i=ifCASTTl2ii2wfE6610-soo 1. oo'--------
450 0103 # COVER,SIOE RH(CAST)l2212WIE6630-50l 1.00 

------451 1221--------, BCTTOr.i PANl53>06630-517 . . --·------·----------·· 1.00 

-·- ----·-- 451 44 31. BRK T WELDMT rlH FILLER I 53) B663 0-507 ____ ---------------- __ l. 00 
451 4432 BPKT WELDMT,RH FILLERl53JB66)()-507 l.oo 
452 10~1 # BfARING PLATECSl/53)86630-509 l.oo 

-------4-=52 2150 ,. MASK, BEAR ING PLATE C 5115~186630-511 l. 00 



l(EVISEO AS OF 
. I I 

WANG LABORATORll'.S, INC. 
Bill OF f.IATEHIALS 

ASSEMBLY PAR.TNUMBER 177 22llM3 LEGEND 

PAGF 1 
06/18/76 

___ A~~-~-~-l.'.f_DESCRIPTH!~ __ 2_?72 ORU~ PLOT_TERIMETR1<:_3 PENJ ______ ... ~ILJ~G f:aSTATUS ITEM 

PART ~µ_MBER _ -~_SCRIPT I ON QUANTITY 

452 3539 SHIELO,MOTHER BDl53)8~;630-525 l.oq ________ _ --------'-"'46 2 0620 c i. s P At ER.Kif t;:.:40-TA P A5 H 6;:;._-=-M:;._2_1 ___________________ 4. oo 

550 0005 SM WHT KEY STEM 5.00 
550 0006 5-~--- SM GRN KEY CAP ----·--------·--·--· 5.00 

550 0013 KFY RETAINER 65900-32 5.00 
----- 550 3246 INSFRT,HClME ( 53) -------------- ------------------------ l.00 

550 3247 lNSERT,ARROW 153) 4.00 
-------650 ·2os-1--·--4.:t;oxf/4"PMCLii>--PHLM)-SSMAG. SEHS B~ 00 _____ _ 

650 3120 6-32 X 3/8 PAN HO PHL MS SS SEMS 2.00 ------- -------------·-
~50 4120 8-32 X 3/8 PAN HD PHL MS SS SEMS 7.00 
650 4169 8-32 X 1/2 TRUSS HO PHlL PARK SCREW 14.00 
650 6081 .10-32Xl/4 FL HD PHL MS SS --------------····----- --·-·· 2.00 
651 10C5 STUD SELF-CLINCH PEM FHS-440-6 4.00 

------~65-1-1012 4::40-i>Er·r-sroo-;:ii44o-sc z.oo __ _ 
h51 1037 PE~ STUD 2-56 X 114 TFHS-256-4 2.00 

(X) ----------- :~~ ~~~g - - -- ~=~~ ~~~ ~~~ ~~ .. --------·------ ---- ---··----- -- . ~: ~g 

•• ------------653 0990·------- NO. 2 INf T LK WASHER. -----------.----· 'l.00 

f;> ~;~ ~~g~- ~g~-tttH- ~t~~~~------ ~: ~~---·----
. 653 4000 NO. 8 FLAT WASHER 7.00 ·------·--z79·-5oso 20 y DRiVE & ARM ASSYCMETRIC)66J0-20 ----·-------~------------------- ---- t.oo 

000 0005 LABOR PRODUCTION SYSTEMS 12.00 
-· --- ----·--------------

000 0011 LABOR QUALITY CONTROL 2.40 ".,, 
______ __;;;2=2~0~0=1~47~. HEAD CABLF ASSYl12WICh482-106 l.00 

J00--0001 LABOR ____ SUA~SYSTEMs··· i~oo ____ _ 
000 0011 LABOR QUALITY CONTROL .70 ### ------------·-- .. - ---- ------
420 1018 COILED CORO 4 CONO ALPHA 652 .50 I## 
600 2000 WIRE 24 GA BLACK UL 2.08 •N• - -- . -- --·---- - -- -
600 2003 WIRE 24 GA ORANGE UL l.75 ### 
600 2006 WIRF 24 GA RlUE UL l.75 ### 

-----------6c5-Tci0"4 ___ CABLE-fVE~ -P.AN.:fi· PLTlM-M-- 5. 00------· 
_ 654 1165 R SOCKET 30-22 GAIREEL)AMP 350007~--~---------------------· 7.00 

65'4 ,1166 R PIN TERM 30-22 GAIREEUAMP3500079-4 6.CO 
654 1189 8 POS SOCKET HSNG AMP 1-480283-0 t.oo 

-----------220 3017 KEYBOARD FLAT CABLE I 12W)C6482-10J -----------------·-·----------·-------- l. 00 
__________ }~Q_Q_~Q3 ?~ _ _P._IN _ _FL ~L~~~LE _ _!'_l:._t)~--- ?_• OQ 

420 0050 24 COND FLAT CABLE 3M 3365/24 2.50 U# 
279 5050 16 CARRIER ASSY rARRIAGE 86630-16 l.00 

--- . --- .... 458 0354 . .. ... . CARRIER,CARR I AGE I 531C663o::n9---------- ------·-- ·-· 1. 00 
461 3256 STUO,VERT.BRG.FIXEDl53)B6630-174 2.00 -------------279-5656 i7 --- RRifT "issv ROLLER SPRiN<f B66]0.:.1,-------------------------- --------- 1.00 

--------------------· -
.• 

---- ---L--·-·----- - -----· • • • 
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BILL OF HATEPIALS 

-··----AsSEMitL·v-··PARt-hUMBE_R_. __ i.77 ··22i2··-;.;3 ---·-·--· - .... LEGEND 

• 
PAGE 8 
06/18176 

·- ____ A_~$E_~~!-.'(J>~$.<;JU PT I O_N 227? DRU~ PLOTTER C METRIC._ 3 PEN I . _ ~~~IJ_J!~--~~-~!~T_US JJ~~ .... Ut•FRAC Tl ONAL QTY 

PART NUMBER DES CR I PTI ON QUANTl!Y _____ _ 

451 4422 ARKT,ROLLER SPRINGC53)C6630-128 1.00 
---------- 461 3251·-·---·- ·sruo,ve1n.BEAHINGC53)B6630-llt1 '------------··----·2.00 

··---·--·-------~.'f~-~Q~O 18 MOTOR •SSV X-Y DRIVE r:6630-l8 ___ ···- -·-·----------------- l.OO 
000 0005 ··---· - LABOR PRODUCTION SYSTEMS 2.00 
000 0011 LABOR QUALITY CONTROL .40 ttl ----------··ltotf·ooos t1 STEPPING Morch ·suPERioR-HS 25-- 1:0-'-o~---;...;;..o..----
465 0216 TD23 BEARING !RULON) TARBELL#0406-2 1.00 
465 0942·------·----SPRING, MARG IUCK RETURN 85716-365 -·--·· 1.00 
465 1110 732 FLYWHEFL ~6403-198 1.00 

.. ·----------·----····· 478 0309 ____ -- PULLEY,X t Y IJPIVE MOTOR C66l0-i96······----·--------··-·- ------·· 1.00 

605 1001t CARLE TYE1 PAl~-TY PLTIM-M 4. 00 
-6-5Cl5J4 _____ ROLC" PlN·-~·018 ·x·:ef-St"EEL i:oo 

651 1734 GRIP RING TRU\RC 5555-18 l.00 -·--,,.------·-· 653 6Cl8 3/16 ID x 3/4 no x l/16 stL.W.ASHER- - 1.00 ,·'.· 
~54 1163 R SOCKET 20-14 ;ACREEUAHP 61117-4 6.00 ~· 
654- f1e5 6 POS soc HOUi ING AMP 1-4eoz70.:c,---·---------·----·--· 1. 00 
656 0006 737. ANNULUS CJRK CRING) 86403-187 l.OO 

3z·5·23·c-r--·--BURGESs··v4tf .MICRO -SWlTC_H_____ 4. 00 
·----- _ 325 21tl6 REED SWITCH,HAMLIN 5804 ______ l.OO 

325 9C49 ACJUAJOR,MICROSWITCH JS-224 4.00 
375 2.103 -------. Hl381 C GE) PHOTO TRANSISTOR ---·------ -·------. _ 1. 00 
449 0142 ROLLER.CARRIAGEC53JC~OLDJB6616-182 4.00 
~51 4425 SRKT,~ICRO SWIDRIVEJC5JJC6630-lll l~OQ_. 

______ __,45i-4~zj ARKTt'i -ARM-MjGcsiic663o=--f59" l. 00 -----

..... -·--·-·--- 451 447.8 BRKT,MICRO SWIIDLER>l5HC6610-l35 -------···--· .. ·--· ... -----·---·- ....... l.00 
451 4438 BRKT,SUPPORTCY DRIVEl(5ll06630-l07 l.oo 
451 44110 _ .. --·-· BRKT,RF.ED SWITCH(53)C6630-200 -----·---··- ·-·-----·---- _______ l.00 
451 4441 ~RKT,P~OTOCELLC53)C6630-203 1.00 
452 0053 PLATE,REEO S~ITCH MAGC53186630-199 l.OO 

-------4·;, i ... i'.ll 54 Nuf-Pi.A iE ~-~i:Eil- swt Tti:.I 67-186636=157 l~"Cjo-=-------
46 l 0105 STRIP,Y AR~ LAMINATEl53)B6630-523 1.00 

··- - ·---··----·-· -- ft6 l 15 :12 RAIL, EX TR US I ON GIJ IDF I 5 3) 86630-l i3 _____ ··--· --- - ··--- ---·-· . ··-- ·-··· .. - .... ·-·-· .. .. . l. 00 

11·61 ~251 ROO,GUIOEC53)Bfl630-ll2 l.oo 
·-----------·--. 46l 32'55 sruo,CABLE PULLFY(53)A6630.:.148 ---- -------------- l.oo 

461 325"1 STUD,GUIDE f3AR RRGl53JB6630-121 2.00 
-------"-.,y-~zc;a s rub~ EccE:N"tR1cls1> a6·f.30:..::r20- 2. oo 

.. - -------· .. ::~ ~~~: ..... ----·- . :~~~ T ~~A~~~~~ K~~!: ~~~!~~l~~ec.:3 ·----··---·- - --- ·-- - - - --- ···--· -- ~: ~gh' 

... -····-··----- ::~ g~~: ~~~~A~~~R~~~~~~~;~:!-~~~-iige.~~3 ------·---·------------·· - -· ~=g~t·"· 
------~4~-~ 0708 BUSHNG,NYLINER TYPE 7 #5l2FF l.go 

465 1614-· SPRING,LEE 016A-O 1.001 



-·----·REVISED AS 9F 
I I 

WANG .. LABP~Af.OR I~$ t ... 1.~-~'--·----·- _______ _!!!.GE _. _ ~--- ____ ·--·-- __ ... 
BILL OF MATERIALS 06/18/76 

AS HIBL' PARll• "UMBER 171 2212 M3 I LEGEND 
____ A$SEMR_LJ DE SC_RH'UON_2~7~. OIWM_plb!.T~Rl.~~JRlt __ ~ ~-~~J____ ••KIT TAG t•STAT_US ITEM _._._!~fR.-.ACT I ON~L. ou·---·· - -·· -

·•PAR1' 'NUMBER I 11 ' I I DUCR IPTION 
----~~~ •. 1111 I -- i ·' ~.-iT•-;-~---·····.. ... . -··· -~ ; . -· -· ------- - --- --· ----------------~QUANT I tY 1 __ -1.U 

478 0200 732 PUlLEY,CARLF B640J-l44 1.00 
---,.,..., _-.-,-,,-. 11-11-:1tje -ii'2o6 732 ~oRuH·,coNNECtRli'fnt-iH VE-06403-185 t: oo-=--------

478 0308 Y ARM l'H)C6630-Hl2 l.00 
-------478 0311 .. 1 PULlEV,Y TlMINGt511 IMETRiClC663ol65 1. 00 

600 9100 I \' ' nz WIRE 1 C1ABLE ~031 C:·U.BWRlllZ0-11 10.00 
-----.605 1oc;1tT-11 ____ tl4BLF tvE. PAN-TY.PLliM-M -·-- --- 5.ao -- -----~-- -:r· ·-. -·--

650 0240 •I · · INAC T • 2-56 X l/4 PAN HO MS SS 4_~.QP ., 1. 
------~650-ic60-,.-,-~;;.49··;c-31f6""piFf°HD-PH[-·M·5·-ss ~EMS 2.00 _______ _ 

650 LC80 ' 1 3-48 X 114 PAN HD MS SS ·--··---------- .2.00 
------ 650 1ca1 ·:-:----·-- 3-48 x 1:/4 FILL HD MS alt ox .1.00 

650 2168 ' I 4-40 x 1/2 soc HD CAF' CBLACKJ 2.00 
650 3060 · ~· Tf i·-~- 6-32 X 3116 ALLEN HD SET SCREW SS --------------------- z. 00 
650 3CBO I" 'I. I 6-32 x 1/4 PAN HD PHL HS SS SEMS 1.00 

-------'-6S:<»-3c92 · 1 · 6.;:12-x--I14·;:cAr-•rn -iciooe-a-rs Hs ss 2. oo ____ _ 
6510 3100 . I '" , I 6-32 x 5/ 16 PN HD PHL MS SS 10. 00 

in' ------ 650 3120 -T-Tr:-1 6-32 x 3/e· PAN i-to PHL. MS ss SEMS- - ----------------·· 3.00 
l\oV 650 3H.6 I I I 1-• 6-32 x l/l soc HD LONG LOC SS 2. 00 

I;! ::~ :~:~ -.~- ~T:~.i. ::i~x~1!'~~ ~~c P~E~P~~:~~ ~~-o~:c~~-,· --- --· --------·-·-----·---··-·-·· ~:gg 
fol ------65o"4cei=-"· Id a-32··x-rlit·-fiHTSs··HD-SS- 4. o""'o _____ _ 

650 410·1 8-32 X 5/ 1'6 PAN HD PHL DR 4. 00 
650 4131 -.---- 8-32X3/8: SOC SET1 1/2 DOG .POINT. BKOX ~----- ------------·- 2.00 
65'0 4205 8-J2 X 5/ 81 SOC Hb NYL.OCK 4. 00 

··-------- 650 620.Z ·-------· l0-32X'5/8 PA~' HD PHL s's ·- -- ··- -------···-···-·-·---·---·-··--·---- ---·· 4. 00 

650 6400 Dl'SC 10-32 X l l/'t Pt,N HD PHL HS l.~QO 
-------=tsi -i 727 Ri:Tii;.((NG ·-rdN6;cRficriflfARc· s 103-25 11.oo=-------

652 0008 &-32 PEM NUT #CL· 632-·2 ·--------- lt• 0() 
652 0053 ---- l/4~28 HEX NU~ 7116 t •• f~jfl/8-THICK 2.00 

:~~ :~~~ _I --- ~~~~ ~~:S~~~; ~~OPNUl' . --------------------··- ·--·-·--·---- ---·· tg~ 
653 1000 No.· 3 ~NT T LK wASHE~ J.QO 

--------653 2000 -Nri. i 4·-FiAT-WASHER·--·- 2. OQ'-------

- --···------··. :~: ~~~~ -~:.; ~~: : ~~!/w~~H~:s~EP' ·r· ------------------------------ i!:g~ 
653 3001 ____ l- __ NO. 6 . INY :r L1C WASHER . _ ____ IO. 00 
653 40CO NO. 8 FLAT WASHER •• 00 
653 4001 NO~ 8 INT T Lk WASHER 4.00 

------.-=6536000 N0~-1iffiifwA"siiER-.--- 4. o·~o------
! 653 6009 1/4 INTERNAL TOOTH Lf~K ~A~~ER 2.00 

·-------- 654. 1250 ------·-·CLA"4!', CABLE 1/8 INCH.. . ···-------------------·--··--·-·-··-··---·-···. 2.00 

------------~56. 0228 _ L ____ 1JMJNG _ 9El, T -~QDP _ ~~U _ !( ... ~---- 1. 00 
65& 1003 , , OPrtR "'AGNET ARNOLD I .G. SU 1612 l• 00 

I I I I• ' ,, 

• • • 



,\ 

( • • • 
REVIS_EO- AS OF 

I I 
____ WANG LABORAJOIU_!:S, INC. PAGE l 0 -------_ __ _ __ . __ ___ __ _____ ____ _ __ 

Ob/18176_._ Bill OF MATERIALS 

------ASSEMBLY.PART-~fLiMBER- 177 2212 Ml ________ -·--.------ ----------·--iEGE_N_lf 
--------~~~~M8LY OESCRIPT_lON _2272 ORUM PLOTTERIMET1tlC 3 PE~J ___ •=KIT fAG ___ ~-=STATUS ITEM #f#=FRACTlnNAL QTY 

OE SCRIPT ION -------------------·- ----· ---=Q=UANT Irv PART NUMBE~---

660 0555 SHOE,B~AKE PAOC53)8~610-l23 1.00 
279 5050 .. 21 3 PEN & MOUNT -ASSY 6630-21 . ·····--··------ l.OJ 

000 0005 LABOR PRODUCTION SYSTEMS 4.00 
000 0011 LABOR QUALITY CrJNrHOL .BO #Ill 
279 5050 12 CARRIAGE & BEARING ASSY R6630-l2 l.00 

-------~--- --459--0342 __________ PEN ~OUNT ,CAfHU AGEi 5HC663ti:..i60 i. 00 

465 0249 BEARINGrGUIDf: PINl53) R6630-l38 6.CO 
ziij-~6~o 13 BRKt A~SY LH PEN ACTUATOR 86630-13 1.00 

451 4423 BRKT,LH PEN ACTUATORC53)C6630-116 I.oo 
458 0351 HANGER,SPRINGC53)R6630-l98 1.00 

279 5050 14 BRKT ASSY RH ACTUATOR ASSY 86630-14 J.00 
·----·-·--45f· 44z-4-------BRKT~RH PEN 4tTUAT0RC51it6630-ll6 -------------- 1.00 

45e 0351 HANGERrSPRINGC5l)B6630-l98 1.00 
279 5050 15 RRKT ASSV MIDDLE PF.N ACTR 66630-15 1.00 

451_~426 RRKT,MIODLE PEN ACTUATRl53)C66~Ql~7 1.00 
458 0351 HANGER,SPRINGC53)86630-l98 1.00 

320 1013 M SOLENOIO,PE~ ACTUATINGl53)R6630-212 3.00 
------=,.5c4439---·--RRK r-. Acru4ruR · suPPr:Rr c 53; 066-fa=i_,5::....:8=-----·----- --------- - 1. oo ------------ ---

452 0050 PLATE,3 PEN GUIDF.153IC6630-118 1.00 
458 0341 RF.TAINEP,SPRINGl531B6630-136 6 •. co 
45R 0349 ·-· --·- RETAINfl{,Rl\LL PEN SP~l.(53166630-186 ~.oo 
458 0350 HOLDER,PENl53)C6630-134 3.00 
458 0352 CAP,~ALL PEN ENDC531~~630-184 3.00 

-------458 -0353 1foAPTOR ~BALL PF.N f\OTT~r5:H86630-l85 ---------- 3. 00 - -- -------- --- -
458 0358 CAM,PE~ L~(53JR663C-l68 1.00 
461 3252 PIN,GUIDEl531Bb630-l45 3.oo 
461 ~25l SHAFT,ACTUATORl'i31l6630-143 l.00 
465 0419 CCLLAR,ACTUl\TOR BR~T(53IB6630-197 3.00 

_______ 465 l63R SPRING,COUNTERl511R66l0-l53 J.oo 
465 ___ i639 --SPRING,PRELOADC531 . - - ---- 3.0o 
465 1640 "C"SPRll\G,ENO CAPl~i3IB6630-204 3.00 
465 1642 CCMPRESSION SPRINGl'i31LC-020C-3 3.00 
655 0168 K~OB,AOJUSfMENTl53iA6630-ll3 l.00 

279 5050 23 x DRIVE & FRAME i\SSYIMETRIC.16630-23 l.00 
000 OOO'i LABOR PRODUCT l!J\I SY<;TFMS 7. O'J __ --------· --------=ooo oo-i-1-- LABOR--QUl\ll rv"coriTROC ---------·---- l.4u 1111 

-------·--··---- ___ 279 5050 ll SHAFT & SPRllCKFT A!iSY 06630-ll l.00 
46 l 3265 SHAFT' SPRor:KET( 53) R6610-2l4 1. 00 
4 78 0307 PULLEY ,MOLl>EO SPROCKET( l 2W) 6630-176 t. l\O 
651 1530 ROLL PIN .078 X 1.12 LG SS-··- -·· - . l. 0·1 

-------=27.:._9-'----'5'-'0'""5"'"'0 18 MOTOR ASSY X-Y DRl'/f C6630-18 
000 0005 LABOR P~liCiuct IONSYSTEHS 

l. 00 z :·oo ______ - -·--



REVISED AS OF l I -- - -
WANG LABORATORIES, INC. 

-- -·--· -- BILL OF MATERf.Ai.S ---------· 

l77 2212 M3 LEGEND 

____ l_>~GE _ 11 
06118/76 

ASSEMBLY PART NUMBER 
---~A~SSEMB_u__Q_~ ~RIP! I ON 221_2_QRUM. PlDHERJ_~ETRJC _3_ PEN>_ ._KIT_ J~.!i.- -~:=S !_A_T'4_S __ J_I~~-- ''-'-~t:RAC Tl ON~l QTY 

PART NUMBER .. DESCR.IPTIO~. _ ·---·········--------------------..QY_ANTI TY __ _ 

OCO 0011 LABOR QUALITY CONTROL .40 #ff 
-----------400-0005 • STEPPlNG·-~ritnR5UPERlORHS 25 1~00 

465 0216 TD2l BEARING (RULON! TARAEll#0406-2 1.00 
- 4l5 0942 ----SPRING, MARG Rr\CK RETURN 85776...:)65-----·---------------- l.00 

465 1110 732 FLYWHEEL 66403-198 1.00 
478 0309 ______ PULLF.Y,X & Y OltlVE MOTOR C6630-f96 -------------- 1.00 
605 1004 CARLE TYE, PAN··lY Pl Tl"l-M 4.00 ---------,.....---,,6 51i534 RtLCl>"iN·-;570-- :f • 81 s TE E~L------------------=-1. oo _______ _ 
651 1734 GRIP RING TRUARC 5555-18 1.00 
653 6010 ------- 3116 rn x ·114 oo x 1116 sti.~WASHE_R__________ l.oo 
654 1163 R SOCKET 20-14 G~CREELIAMP 61117-4 6.00 

·-------- b54 l 185 6 POS SOC HOUSING AMP l-480270...:o·------- ---------- l. 00 
~56 0006 732 ~NNULUS CORK (RINGI B6403-l87 l.oo 

-------=21=9~5=-0=1=-o=-4 o -·-sroe PL An: ·455··r Ui · 866 3 5-40___ f. oo _______ _ 
000 0020 LABOR PREP AREA .Ol "" 452 0045·-----·-sioE PLATE,[EFf P~F~i6zit56636~235-Ec5·399· 1.00 
461 3198 ~P-70 SPRING PIN 86615-167 l.oo ---------279· 5o76 41.. sfoE .PLATE ASSY RH 86615...:~i . - ----· --------····--------------- l. 00 

000 0020 LAROR P~EP AREA .02 
------------="452 0046 --sibE-P[ . .\iE;RfGHT' P.F .162106636-215 EC53B9 t'~ oo· 

jJIU -----
461 3198 MP-70 SPRING PIN 66615-167 1.00 

325 0021 -----ON-OFF ROCKER-SW SPOT- r820f r~e·-- l.ao·----------------
360 0000 ____ FUSE HCLDER 90 DEGREE CONTACT -------------------- l. 00 
410 2001 LINE FllTERr2 4MP 282 1.00 
lt?Q __ lQQ'_O CORD POwER l COND l_. 00 

------~1ts1 2115 covEii;-PAPER ·c;uioe-LHi511066'1·0-210 i. oo ______ _ 
lt51 2136 COVER,PAPEI< GUtnE RH(51106630-Zl0 l.00 

-------451 4450 ---··· BRKT,Ct'JN"'tCTOR(36 PIN) l'>3IC6630.:..5z6 ------·-- l.00 
451 4451 RRKT,A.C.MOUNTINGl53JC6630-527 t.oo 
't52 0055 ------ PLATE,PAPER DR AOJUSTl53186630.::Zl5 ------ 2.00 
452 OC56 PLAJF.,LEFT SIOEl53ID6630-100 1.00 

--------=-,.52·0051 Pi..ATE-;RiGHt-sioE15l>o6630-z1e l~ o_o ______ _ 

452 0058 ______ PLATF,CAM SPACERl'>3)86630-216 ·-------------------·---------------. 2.00 
452 4040 GUIOE,PAPER(51)06630-20l l.00 

------ 458 0158 ____ CAM,PEN L~IS1t866l0-l88 1.00 
458 0159 CAM,PEN R~l51)86630-188 l.00 
461 1543 ALOCK,CAMIMOLDEDH53JC6630-217 2._Q_O ___ _ 

-------"461 3260 SHAFT~Piii>ER.-GUIDEf53T86630-1a1 1.00 ----
461 32t12 STUD, SIDE FRAMEl53186631l-208 ------------------------ __ lt.00 

-------lt6l J26f ______ STUD,CllSTERI 531 B6630-207 '. - -- 1. oo 
465 0219 702 ROLLER BEARING TORR. J45 1.00 -----465 0420-------·c-c-LLA~~·sp-RQCKETi53_i_C_663-o~·1·39---·--- ------ -----· 1. oo 

• • • 
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e-~,.lt~N~-1.,_~!HlRATQlli~.t_J_NC. 
. ulll OF MATERIALS 

I I• I I I 

PAGE 12 
06/l 8176-

I I I I 1 1 

ASSfM~LY,P,ART ~UMBER 177 2212 ~3 -· ·-· ---
________ A~SEMBLY DESCRIPTION 12272 10R°lJM PLOTTERIMETRIC 3 PENI 

LEGEND 
!=K JT ___ J ~G_ __ #=_S.! _A.T!JS. _J TEM_ _ IJ_IJ ~=FRAC Til ONAL _ Q TV 

PART NUMBER OES1CR IPT ION 
----------·-··-----~--~--···- .... _____ . -··---..,..---- --· QUANTIT_Y __ ...__ __ _ 

465 0121;:. ·~- , 1 BLSHING,F'S"\-'.375 · ~.oo 
------------··----- 465 0730 I • ·;;·~ BUSHING,SPRdCKET(62JC6f36-229. -- . --~-----·----------- ·--- ·------·-- ---··· 21.00 

----·-···· 465 1614 . ., 1. SPRING,LE'E Ol6A-O 21.00 
410 0301, . .. ''puLLE v, MrJLbEo SPROCKET 112w> 6630-116 ·-----------------------------·- -- LA. oo 

4_78 ___ .0_310_, 1 
1 . 'PULLEY,X TIMINGl531CMHRICIC6630165 l.OO 

------478 0312; . i : : "i=RONY'fxtRUSlONl5i..:5·3n:663o..:rao-.-· L ... oo _____ _ 
__ __ ----·----·--·- 478 03131.. .. i ,_i'.i' .REAR EXT~.U~IONC51-53)~(t~~O-l!!~ . -------------------- -·---·-----------------lt.00 

478 0322 1. ,., 11 , PULLEY,TIMlNG l/5P 40T 40XL037 11.00 

··---·--------- :gg gg~~ ~- '. ~ ~ ,• j~ ~ ~ :~ ~: ~: ~~:~~ ~~ ---- ·····- ----------- - ----- ----·-··· ~: ~~ 

·-~~~- gggb. ~~~-IN~~ i1a ·~~~r~.:~.~---- ~: ~~ -...,,:-=-:-=-:----
_____ --------------· :~~ ~g~~ .. ·f __ ,.: ... ~~~~E /I~4 ~·~N~~~M~L aM-M -------------~!: g~ 

650 2066. * ·I .. 4-4p X 3/ 16 'FLAT HD lOOOEG UC SS 4. Oil 
---------- ti5o 2c96.,,, 1, --·:: scR' 4.:.;.o'x i'.11t'PAN .Ho· PHL l.oNGLoic--·- ·----· 2.00 

:~ ~- --~ ~: ~-~~~-~ :! 6~ J~ 'l ·In ·-~gU ~ ~\ t? N~ ~ti~~~~ : ~-~g 
--·---·-· ------· -· - :~g i}~~ ....... :=~ix~t~ 1 ~L p~ci ~~LP~~ ~~R~~R~~~s .. ·------ ----------------·-· :: gg 

--------· _____ 2~~ ;~~~ ~I~~~·~~~::~~ ~~Tp~~R~= BK
1 0X ----------------- ---------·-··-------t~g 

§~9. !t~~o 8:-~:2 __ ~---~' ~--~ML!'.iJL.P..l:i~~s SS .. SE'4S t· 0()__, ______ _ 
4>59 428Q ,8-32, X 118 PAN' HD PHL MS SS SEMS l. 00 
<i5D ~20l ,l0:-~2X5/8 FLANGF. WH~Z-LOCK MS Z~NC -·-- ---·-- ---- --·-·-·-------- e.oo 

__ __________ _ :~~ ~~~! _______ .~~~~~~ 5 ~~A:A~ I ~g ~~~A~~. #5,~~-~7 ___________ -------------- __________ :: ~~ 

__ _!_..!...1, ____ _ 

, • 1, 

~51 1750 ,R.ET~JNING RINGrTRUARC' 5115-37' 1.00 
-------"'6-~-~. ~90!>. 1~:-}? __ l:fE1< ... ~!·1.L.S.~--- ft •. Q0~------

652 '+CO~ ,8:-3~ SQlJA~F NUT SS II.. 00 
(153 300Q N.O .• 6 _FLAT WASHER _. -----------·-------------· _ -·--·--·---- 12.00 
653 4COO NO. 8 FLAT WASHER 6.00 
~53 ~009 NO. 10 FL n WASlfF.R . _______ _ ____ ft• 00 
~54 JlO~ MATE • LOCK PIN 60618-4 e.oo 

_____ _.f!_5 !!. J ~ ~ 2 P. ~ .~_H_t;J_U.~ ~ N<L~ :-.4.~0.'! 0_5-C~- 1 ~9 ______ _ 
~54 J~38 H,~vco STRAIN RELIEF SFt5P-lt 11.00 

------ ----. -· !f 5 5 p ~6(t . c,"~, THL!MB, s.CREW s I BER_-~ 8_3_".'.',.9_8-90~ -----··- - .. --- ·------· --·--·-· - - 1. 00 
~56 0~2.l ,T~MING 1BE'l T1 120XL025 · tl.00 

_____ -·------ ... ft~_6_ .Pn.11. .. _____ •. r~~~t~~ ~eq __ _tto,o.~-~~~r. . .l/!!W ___________ . ________ --------------· ----~1 .• oo 
I "' 
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LOU ORDER. 
HEX DIGIT 

0 (0000) 

1 (0001) 

2 (0010) 

3 (0011) 

4 (0100) 

s (0101) 

6 (0110) 

7 (0111) 

8 (1000) 

9 (1001) 

A (1010) 

B (1011) 

c (1100) 

L> (1101) 

E -(1110) 

F (1111) 

. 

• • ASCII CHART OP PLOTTER CONTROL CODES 

lllGll ORDER IIKX DIGIT 
0 1 2 r 3 4 !'" ·'o • 

E . F 
(0000) (0001) (0010) (0011) (0100) (0101) · 1•N/A (1110) (1111) 

SPACE 0 @ p BINARY PLOT PLOT 
VECTOR MODE* 

' 1 A Q SELECT SIEP X-Y.!.* 
I 

PEU 1 ,, 
2 B R SELECT STEP X+Y-* 

PE?l 2 
• 4 - •• 

STEP X-'l+* (} 3 c s SELECT 
PEN 3 

$ 4 D T SET STEP X+Y+* 
11mm . i. s E u 11omm ON PRINT MODE.* 
SET HOHE 

& 6 J." v Si!ORTBIN7ulY sTEP Y-* 
PLOT VF.cTOR 

' 7 G w SIEP Y+* 
J_~os_l 
( 8 H x SIEP l{;..T 

)• 9 I y STEP- X+T 
• 

SET * I J z RESET \HOHE) I 

SP,\CE* 
+ • K T • 
t L \ < 

s1:r - • 1f T 
SIZE* 
-Vu~ I 

> 
1'T 

1' UI' 
Pl·::~ llr 7 ' 0 
DOlJN 

~-

*Nota - Denotes codes which are reserved exc:1.usively for use internally by the system 
when e.~ecuting tho PLOT statement. Ilse of them is prohibited in alphanumeric 
variables or HEX ( literal set to tha plotter. 

)> 
-c 
-c 
m 
:z 
0 ....... 
>< 
)> 
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APPENDIX B 
PLOTTER MNEMONICS 

ACKLG - Acknowledge 
- --Ao - A15 - Address Bits 

A0 ' - A7' - Address Bits 

BSY - Not Used 

CD - Carriage Down Switch 

CE - Chip Enable 

CL - Carriage Left Switch 

CLK INT - Clock Interrupt 

CLR - Clear Switch 

CM1 - CM4 - Carriage Motor and Sprocket Motor Current Limiting Resistors 

CR - Carriage Right Switch 

CU - Carriage Up Switch 
- -D0 - n7 - 8080 Data Bits 

~ -~ - 2200 Input Data 

DATA STROBE - Strobe from 2200 

FQ3 - Plotting Axis Rotation 

HLS - Home Limit Switch 

HOM - Home Switch 

IB3 - IB5 - Interrupt Addresses 

!NP - Input 

INT - Interrupt 

INTAG - Interrupt Acknowledge 

IOR - Input/Output Read 

IOWT - Input/Output Write 

LLS - Left Limit Switch 

LML - Left Master Limit 

M1 - Machine Cycle 1 

M10 - M7o - Output (Write) Control Bits 

M1N - ~N - Input Control Bits 

MEMR - Memory Read Status Bit 

MEWT - Memory Write 

ML - Master Limit 

MRO - Master Reset Output 

MRR - Memory Read Control Bit 

OUT - Write Status Bit 

B-1 



!J1 - 8080 Clock 

ia2 - 8080 Clock 

PEN - Pen Up/Down Switch 

PHY - Photocell 

PLOT - Plot Switch 

PMR -

Ps1 - PS3 - Pen Solenoid 1,2,3 

RD/WT - Read/Write Level 

REFAS - Not Used 

REFST - Not Used 

RE<> - Master Reset 

RESET - Prime from 2200 

RFEB - Not Used 

RLS - Right Limit Switch 

RML - Right Master Limit 
• 

RQ3 - Plotting Axis Rotation 

RUN -

SHL - Set Home/Limits Switch 

SLEW - Slew Switch 

SPARE - Not Used 

SPS - Stepping Motor Power Supply 

STW -

SYNC - Clock Sync 

TEA -

TP19 - TP22 

, TP23 - TP26 

TWR -

- Carriage Servomotor 

Sprocket Servomotor 

w0 - Write Status Bit 

B-2 
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IMMEDIATE 
SERVICE 
NOTICE 

NO . 120 DATE: 8/16/76 

ITEM(S) I PRODUCT(S): 

PERIPHERALS #8 
MODEL 2272 LINE SEPARATION 

The Model 2272 Digital Drum Plotter may exhibit line separation 

when plott:J.ng a straight line to a distant point and returning to its 

origin. This line separation is within specification if the plotted 

line is within .010" (25 nm) of the intended route in both the forward 

and return direction. 

If the separation is greater than .010", check adjustments for 

the pen drive cable tension, the paper sprocket cover and the carriage 

brake • 

ORIGIN 

( w ) I l\llllllAll1RIES. INC 

ANG H.lli NOH"' Sf RI I' HWKS8URV'lllissACHUSITTS 01175 lfl C6171 851 •111 IWK 110 Joi) 676'• Tl I I JI~ 7U1 
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7.1 INTRODUCTION 

SECTION 7 

ELECTRICAL SCHEMATICS 

Section 7 consists of a signal nin list to assist the techn-c:3n 

in tracing signals that are wired to one or DX>re electrical boards. 

Included are the schematics of electrical boards used in the printer 

listed in numerical order. 

7.2 LIST OF ELECTRICAL SCHEMATICS* 

DPSCRIPTION DRAWING NUMBER PAGE NUMBER 

Central Processor E7070 

RAM/PROM Memory 07071 

Plotter Interface 07072 

Regulator & Heatsink E7073 

1't>therboard E7074 

7.3 SIGNAL RUN LIST* 

* The listed information is not complete. A completed set of this 

information will follow when it becomes available. 
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[ LIO 
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TYPC. 

7'40+ 

0 0 -'~ l'\J 0 

IJ 

SPAf£S 

2. 

JO 9 0 

A, 

A~ 

Ar 

~. 

A< 

A< A• 

COMPONENT 

Cl· 6 
c~ 10, 11 

·~ 7071 RI ·0 I~ m. ·~ ·0 
Ct2. 13 14 

'B 
CIS 

LOCATION 

LI 1~19 

£2- 9 

LIS·IB 
LZO 

LZI 22 23 

10 9 8 7 
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10 
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