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1.1 SCOPE 

SECTION 1 

INTRODUCTION 

VI.B.4M-2 

This document provides field personnel with the information necessary to 

install, operate and troubleshoot the WANG Telecommunications Processor 
(herein after referred to as the TCP). 

1.2 ORGANIZATION 

This New Product Phase (NPP) Maintenance Manual is organized as follows: 

Section 1 

Section 2 

Section 3 

Section 5 

INTRODUCTION: Provides the reader with 

the scope, organization and reference 

documentation for the TCP NPP 

Maintenance Manual 

DESCRIPTION: A general description of 

the TCP and its related modems. 

REMOVAL/REPLACEMENT/INSTALLATION: 

Includes removal/replacement of all the 

TCP major components, a procedure for 

installing the TC-B1 into the TCP, and 

installation and interconnection with 

modems. 

TROUBLESHOOTING: By performing 

the diagnostics and tests 

provided in this section 

the Service Representative can 

locate system faults to the 

board level. 
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1.3 REFE~ENCE DOCUMENTATION 

For additional information, refer to the following: 

1.3.1 Wang Documents 

ors 140 

ors 105/115 

Product Service Teleprocessing Guide 

TC-81 

vs 80 

vs 100 

vs 100 Update PSN 

vs 100 Schematics 

vs 100 Schematics Update 

Diagnostic Handbook 

1.3.2 Bell Documentation 

1140000 

1140001 

1141001 

1141004 

1141005 

1141008 

1141009 

1141021 

1141101 

1141102 

PSN 

1-2 

729-0664 (V .A.3M) 

729-0886 (V.A.5M-2) 

729-0830 (I.B.O) 

729-0887 (V.B.1M) 

729-0822 (VI.A.1M) 

729-0871 (VI. A .2M) 

729-0964 (VI.A.2) 

729-0872 (VI.A.2M) 

729-0488 (VI.A.2) 

To Be Supplied 

Technical Reference Catalog 

Technical Reference Ring Binder 

Complete Set Of Data Communication 

Technical References 

Data Communications Using Voiceband 

Private Line Channels 

Switched Telecommunications Network 

Affecting Voiceband Data 

Transmission--Description of 

Parameters 

Transmission Parameters Affecting 

Voiceband Data 

Transmission--Measuring Techniques 

Interface Specification 

Data Set 103A Interface Specification 

Data Set 103A3 

Data Set 103E 

Data Set 103G 



e /141103 

/141105 

/141201 

1141202 

1141209 
1141210 

1141211 

1141212 

iJ41213 

1141214 

1141450 

1141601 

1141602 

#41603 

1141802 

VI .B.4M-2 

Data Set 103H Interface Specification 

D~ca Set 103F Interface Specification 

113 Type Data Station Interface 

Specification 

Data Sets 201A and 2018 

Data Sets 202C and 202D Interface 
Specification 

Data Set 208A Interface Specification 

Data Set 201C Interface Specification 

Data Set 2088 Interface Specification 

Data Sets 202S and 202T Interface 

Specification 

Data Set 209A Interface Specification 

Data Set 212A Interface Specification 
Data Service Unit Interface 

Specification 

Data Auxiliary Set 801A (Automatic 

Calling Unit) 

Data Auxiliary Set 801C (Automatic 

Calling Unit) 

801C-L 1/2 Data Auxiliary Set 

Interface Specification 

Data Couplers CBS And CBT F~r 

Automatic Terminals 

NOTE: 

WRITTEN INQUIRIES RELATED TO THESE TECHNICAL REFERENCES SHOULD BE 
FORWARDED TO: 

AMERICAN TELEPHONE AND TELEGRAPH COMPANY 

INFORMATION DISTRIBUTION CENTER, ROOM C190 
ATTN: TECHNICAL REFERENCES 

P.O. BOX 3513 

NEW BRUNSWICK NEW JERSEY 08903 

1-3 
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1.4 SPECIFICATIONS 

The specifications for the TCP are listed below: 

Power Requirements: 

Input Power: 

Running Current: 

115 Vac, 60 Hz 

220/240 Vac, 50 Hz 

0.5 to 5.0 amperes 

Environmental Requirements (Operating): 

Temperature: 

Humidity: 

50° to 90° F 

10° to 32° C 

15% to 95% 

Edvironmental Requirements (Non-Operating): 

Temperature: -49° to 158° F 

-40° to 10° C 

Humidity: 5% to 95% 

Altitude: O to 50, 000 feet 

1-4 
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SECTION 2 

TELECOMMUNICATION PROCESSOR DESCRIPTION 

2.1 SYSTEM OVERVIEW 

VI.B.4M-2 

The Jiemote !!.ang~et (RWN) was designed to allow OIS systems, with the 

appropriate hardware and software to communicate interactively or in a batch 

mode with a VS system. The RWN provides the ors user with remote access to 

the data processing resources of the VS system; and gives the VS user the 

ability to gain remote access to cluster systems that provide both data 

processing power and word processing capabilities of the ors system. 

Communications between VS and ors systems is made possible with the use of 

a .Ielefommunications frocessor (TCP). The TCP (see figure 2-1) is a small 

cabinet which contains a power supply, regulator PCB, motherboard, an~ uan 

house (internally) up to four TC-B1 PCBs. 

The protocol used between the systems is High-Level Data-Link Control 

(HDLC). Using HDLC protocol, each VS TC-B1 can support 24 virtual circuits 

and each ors TC-81 can support 6 virtual circuits. 

The TC-81 is a combination motherboard/daughterboard Z80 

microprocessor-based telecommunications controller, capable of supporting a 

variety of protocols over a single synchronous data link. The TC-B1 will be 

used on DIS 105/115/125A/130A/140/145 systems and on VS 80/100 systems. 

Once a TC-81 is installed into a TCP, it is connected to the VS by a 

paired coax cable assembly. The TCP is then connected to a modem or null 

modem using a standard ErA cable. There is a modem or null modem for each of 

the four TC-B1's installed into the TCP (refer to figure 2-2). 

The first item to be installed going from the VS end of the RWN, is the 

22V17 serial IOP. (E.c.o. i/19783 has to be implemented, see Appendix r.) 

This board is installed into the VS cabinet. Connected to the 22V17/27 is a e coax 

2-1 
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FIGURE 2-1 TELECOMMUNICATIONS PROCESSOR 
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connector panel which is connected to the rear of the VS cabinet. ConnecGing 

the VS to the TCP is done by a paired coaxial cable (refer to figure 2-2). A 

modem is installed at the OIS and connected via a standard EIA cable. 

Installed in the OIS system is a TC-81 which is connected to the modem by a 

standard EIA cable and to the OIS system by a short coax cable (not shown in 

figure 2-2). 

2.2 TC-Bl TELECOMMUNICATIONS CONTROLLER 

The controller used with the TCP is the TC-B1. This controller provides a 

RS-232-C interface and a RS-449-C interface via a 25 pin and 37 pin male 

connector respectively. The RS-449-C interface will be multiplexed along with 

the RS-232-C interface. With RS-449-C interface, cable lengths and baud rates 

are significantly increased over RS-232-C interface. Depending upon the baud 

rate, a maximum of 4000 feet (1219 meters) of cable between the data terminal 

(DTE) and the data communication equipment (DCE) can be achieved. 

An additional interface with the RS-366 Automatic Calling Unit (ACU) will 

be available. The ACU permits any terminal or host to call any telephone 

number in the switched telephone network and to transfer the circuit to the 

associated modem for the automatic transfer of data. 

The meIOOry organization for the TC-B1 has 4K of PROM memory (for power-up 

diagnostics) and 60K of RAM (for memory). The 4K power-up diagnostic PROM is 

located on the 7663 IOOtherboard. There is also a light board consisting of 118 

LEDS". Which are located on the front panel and indicate the status of the 

TC-81. 

2.3 MODEMS 

The modem, or dataset, used with the system may be rented from the 

telephone company or purchased from any one of several modem vendors. In 

either case, the telephone company must connect the modem to the telephone 

network via telephone company installed data access arrangement (DAA). The 

2-4 
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DAA consists of a telephone handset and a modem interface rented from the 

telephone company. Usually a modem or DAA is permanently wired to a wall; 

therefore, it should be installed as close as possible to the Wang word 

processing system. 

NOTE 

Ordering a modem for a Wang Customer is not the 

responsibility of a Wang Salesman nor is the in­

stallation of a modem the responsibility of a Wang 

Serviceman. 

The modems used at both ends of' a communications line must be compatible. 

For example, if a BELL 201C type modem is used at one end, another BELL 201C 

or equivalent must be used at the other end (not a 201A, 208B, 202C, or 

202S). The modems listed in Appendix H or their equivalents may be used. 

2.3.1 MODEM INTERFACE RS-232-C 

The TC-B1 conforms to the nationally recognized EIA RS-232-C and the 

internationally recognized CCITT V.24 standards for voltage levels and pin 

connections (refer to PRODUCT SERVICE TELEPROCESSING GUIDE, page 76). The 

signal polarity and the voltage of driven and detected signals are as follows: 

Logic Level 

0 or ON (Spacing) 

1 or OFF (Marking) 

Applied Voltage 

+8 vdc 

-8 vdc 

Detected Voltage 

+5 to +15 vdc 

-5 to -15 vdc 

The pin assignments are listed in Appendix E with both the EIA and the 

CCITT designations given for the circuit associated with each pin. Also, the 

signal descriptions and sources are included in Appendix E. 

2-5 
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2.3.2 MODEM INTERFACE RS-449-C 

The familiar RS-232-C interface standard has been used on almost all data 

communication terminals and modems manufactured since its ·3doption by the 

Electronic Industries Association (EIA). However, the RS-232-C has serious 

shortcomings for use in modern data communications systems--the most critical 

being speed and distance limitations. 

To overuome these shortcomings, the EIA has developed a successor to 

RS-232-C, called RS-449-C, which has improved performance specifications. For 

example, data rates have been increased from 20K bps in RS-232-C to 2M bps in 

RS-449-C. Also, maximum-transmission distances have been extended from 50 ft. 

to 200 ft (6.09 meters to 15.24 meters). In addition, RS-449-C supports 

remote loopback testing, and other control functions missing in RS-232-C. 

The federal government has recently adopted RS-449-C as a federal 

standard. Therefore, RS-449-C is expected to come into widespread use during 

the 1980's and eventually replace RS-232-C altogether. 

Differences between RS-232-C and RS-449-C 

RS-449-C incorporates substantial changes from RS-232-C, for example: 

NEW ELECTRICAL INTERFACE: The electrical characteristics of the 

RS-232-C interface are redefined in RS-449-C to allow greater 

transmission rates and distances. 

NEW CONNECTOR: A 37-pin connector replaces the 25-pin connector 

used in the RS-232-C. This enables the use of the extra lines 

required by the expanded RS-449-C interface. 

The RS-449-C interface differs mostly from RS-232-C in the electrical 

characteristics of the signals passing across the communications interface. 

For one thing, RS-449-C uses both balanced and unbalanced circuits to carry 

interface signals, with the balanced circuits carrying the most critical 

signals. The RS-232-C uses only unbalanced circuits. A balanced 

RS-449-Circuit, as defined in the RS-422-C standard, consists of a pair of 

2-6 
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wires connecting a balanced generator with a differential receiver (see Figure 

2-3). An unbalanced circuit, as defined in the RS-423-C standard, comprises a 

single wire connecting an unbalanced generator with a differential receiver 

(see Figure 2-3), with ele~trical ground serving as a common return path for 

interface signals. The unbalanced circuit configuration is less expensive to 

implement, because it requires only one wire and connector pin for each 

interface function. The balanced configuration, however, offers better 

circuit performance in terms of distance and data rates transmitted. 

The maximum transmission rates supported by RS-422-C and RS-423-C circuits 

differ with circuit length as shown in Fig. 2-2. RS-449-C sets nominal speed 

limits of 20K bps unbalanced circuits and 2M bps for balanced circuits. The 

distance limitation is 200 ~.,but this limit can be exceeded in special 

applications by trading off speed for distance, or vice-versa. 

The pin assignments are listed in Appendix F with both the CCITT 

designations given for the circuit associated with each pin. 

2-7 
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FIGURE 2-4 PERFORMANCE PARAMETERS OF RS 449 AND RS 232 CIRCUITS 
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2,3,3 AUTOMATIC CALLING UNIT (ACU) INTERFACE (RS-366) 

Automatic dialing via a Bell 801 Automatic Calling Unit (ACU) or similiar 

device requires a unique interface between the TC-B1 and the ACU. This 

interface is defined in the EIA specifications RS-366/CCITT V.11. The signal 

polarity and the voltage of driven and detected signals are as follows: 

Logic Level 

0 or ON (Spacing) 

or OFF (Marking) 

Applied Voltage 

+12 vdc 

-12 vdc 

Detected Voltage 

+5 to +15 vdc 

-5 to -15 vdc 

The pin assignments are listed in Appendix G with the CCITT designations 

given for the circuit associatef with each pin. 

The two most widely used ACU's are the BELL 801A and 801C. The 801A is 

used in areas where rotary (pulse) dial telephone service is provided. The 

801C is used in areas where Touch Tone telephone service is provided. The 

customer options are listed in Appendix H. 

Basically the ACU permits any terminal or host to call any telephone 

number in the switched telephone network and transfer the circuit to the 

associated modem for the automatic transfer of data. Typically, the 801A will 

take 15 seconds to dial a 10-digit number while the 801C will only take 1 

second. 

2.3.4 COMPATIBLE BELL MODEMS 

Initially the TC-B1 will be released to the field supporting HDLC and 

3270 emulation which are used in a leased line enviroment. Therefore, the 

201C and 208A are two of the compatible Bell Modems. At a later date other 

asynchronous/synchronous protocols currently used on the TC-B (Black Box) will 

be available. The 201C and 208A modems are located in Appendix H along with 

the modems which will be used when additional protocols become available. 

2-10 





3.0 INTRODUCTION 

SECTION 3 

REMOVAL/REPLACEMENT/INSTALLATION 
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The chassis layout of the !elefommunications frocessor (TCP) allows the 

field service representative easy access to all major parts and assemblies 
internal to the TCP. This easy access simplifies installation of the TC-B1 

PCB. The following paragraphs describe the procedures to be used for 
removing, replacing, or installing components into or out of the TCP. 

3.1 REQUIRED PARTS 

PART NUMBER DESCRIPTION 

212-3014 TC-B1 CONT. 

210-7865 LIGHT BD. 

220-3171 LIGHT PANEL CABLE 

270-0662 REAR PANEL ASSY. 

220-1710 BNC/TNC CABLE 

220-3178 RS-449 FLAT CABLE 

220-3179 RS-232 FLAT CABLE 

220-3180 RS-366 FLAT CABLE 

270-0660 MOTHER BD. ASSY. 

210-7760 REGULATOR BOARD 

270-0661 FRONT PANEL ASSY. 

270-0658 POWER SUPPLY ASSY. 50/60 HZ 

300-3050 124K UF 15V. CAP 

360-1031 FUSE, 3 AMP. 

3-1 



VI.B.4M-2 

3.2 TOP COVER REMOVAL/REPLACEMENT 

a. Remove the three cover screws at the rear of the unit (see figure 

3-1). These screws secure the top cover to the main chassis. 

b. Slide the cover forward and lift off (see figure 3-2). 

c. Reinstall cover by reversing steps a and b. 

3.3 TC-81 INSTALLATION/REMOVAL 

Prior to installing the TC-81 into an OIS System or VS System (TCP), SW 1 

and SW 2 (located on the Motherboard) must be set. Paragraphs 3.3.1 and 3.3.2 

gives instruction for setting these two switches. 

3.3.1 OIS SWITCH SETTINGS 

To set SW1 and SW 2, refer to the TC-81 Telecommunication Controller Prod­

ucts Maintenance Manual (V.B.1-M, 729-0887) paragragh 3.1 "Switch Settings". 

NOTE 

Switch 1 located on PCB 7763 has a bank of eight switches 

to identify the t _ie of device, set them as specified in 

figure 3-3 to Hex 10. Switch 2 on PCB 7763 has a bank 

of five device type micro-switches, to be set to specify 

that a TC-81 model is connected to the master CPU (device 

type = Hex 8). 

3.3.2 VS SWITCH SETTINGS 

Switch settings for TC-81's used in the VS are as follows (see figure 3-3 

for switch locations): 

3.3.2.1 SWITCH SW 1 

When using a leased-line modem, set SW 1 switches 1, 2, 3, 4, 6, 7 and 8 

to OFF; set switch 5 to ON. 

When using a null modem, set SW switches 3, 4, 6, 7 and 8 to OFF; set 

switch 5 to ON. Set switches 1 and 2 as follows: 

Switch Switch 2 Baud Rate 

OFF OFF 64.0K (Not Supported) 

ON OFF 19 .2K 

OFF ON 9.6K 

ON ON 4.8K 

3-2 
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SNAP LOCKS 

FIGURE 3-2 TCP (SIDE VIEW) 
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3.3.2.2 SWITCH SW 2 

To set switch SW 2, refer to the TC-81 Telecommunication Controller 

Products Maintenance Manual (V.8.1-M, 729-0887) paragragh 3.1 "Switch 

Settings". 

3.3.3 TC-81 Installation/Removal 

a. Remove the 2 board retainers by releasing the snap locks (see 

figure 3-2). 

b. Install the TC-B1 into CH #1 I/O slot (see figure 3-4). The 

board connectors on the motherboard have card guides to ease 

insertion. 

c. Replace the board retainers. 

d. Route the 8NC/TNC Cable over the cable bracket and Plug it into 

the J4 connector on the TC-B1 mounting bracket. The 8NC/TNC 

Cable is held in place by a snap-in clamp (see figure 3-5). 

e. Plug the Light Panel Cable into the J5 connector on the TC-B1 

mounting bracket (see figure 3-5). 

f. Connect the RS366 Cable into J1, the RS232 Cable into J2, and the 

RS449 Cable into J3 on the TC-B1 mounting bracket. All three 

cables must be routed over the cable bracket as shown in figure 

3-5. This prevents the cables from blocking the flow of air from 

the fan. 

NOTE 

RS cable length corresponds to the Channel in which 

the TC-B1 is mounted. For example, figure 3-1 shows 

the Rear Panel located in CH #1. The cable length for 

this Rear Panel is exactly the right length to reach the 

TC-B1 mounted in CH #1 I/O slot (see figure 3-4 for the 

location of CH #1 I/O slot). 
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g. Set the 115V/230V Switch (see figure 3-4) to 115V for domestic 

use or 230V for international use. 

3.4 REGULATOR PCB REMOVAL/REPLACEMENT 

a. Remove the four regulator mounting screws. The regulator mounting 

screws are located in each corner of the PCB (see figure 3-6). 

b. Remove Regulator PCB (210-7760) by ca1,efully pulling upwards on the 

Regulator PCB removing it from it's connector. 

c. Replace the Regulator PCB by reversing steps a and b. 

3.5 POWER SUPPLY ASSEMBLY REMOVAL/REPLACEMENT 

a. Remove the four power supply assembly mounting screws from the rear 

of the unit (see figure 3-1). 

b. Disconnect ac power cord from rear of unit (see figure 3-1). 

CAUTION 

Before disconnecting ac power cord from rear of unit, 

disconnect the power cord from ac power source. 

c. Remove the two power supply assembly mounting screws from inside of 

unit (see figure 3-7). 

d. Disconnect fan cable from fan (see figure 3-7). 

e. Disconnect cable J1 (see figure 3-7). 

f. Disconnect Motherboard cable (see figure 3-7). 

g. Lift power supply (270-0658) from unit. 

h. To install power supply assembly reverse the above steps. 
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3.6 MOTHERBOARD REMOVAL/REPLACEMENT 

a. Remove the six machine screws (see figure 3-4) which secure the 

Motherboard to the main chassis. The motherboard mounting screws are 

easily identified because each one has a w~sher. 

b. Remove Motherboard. 

c. Replace Motherboard by reversing step a and b. 

3.7 REAR PANEL REMOVAL/REPLACEMENT 

a. Remove top cover see paragraph 3.2. 

b. Disconnect RS 449, RS 232-C, RS 366-ACU, Light Panel, and BNC/TNC 

cables (see figure 3-5). 

c. Unscrew the six Phillips-head screws that secure the CH #1 Rear Panel 

to the rear of the unit (see figure 3-1). 

d. The Rear Panel can now be removed from inside the unit. 

e. 

f. 

To install or replace a Rear Panel reverse the above procedure. 

All Rear Panel (Ch #1--CH #4) are removed or replaced in the same 

manor. 

3.8 LIGHT BOARD REMOVAL/REPLACEMENT 

a. Remove top cover see paragraph 3.2. 

b. Disconnect the Light Panel cable from J5 (see figure 3-5). 

c. Unsrew the four phillips-head screws that secure the Light Board to 

the front of the unit (see figure 3-8). 

d. The Light Board can now be removed. 

e. To install or replace a Light Board reverse the above procedure. 

3.9 FUSE REMOVAL/REPLACEMENT 

a. Turn Fuse Holder (see figure 3-1) counter-clockwise. 

b. Pull Fuse Holder with fuse away from unit. 

c. Replace blown fuse with a 3-amp fuse. 

d Replace fuse and holder and turn clockwise (see figure 3-1). 
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3.10 124K CAPACITOR REMOVAL/REPLACEMENT 

a. For this procedure refer to figure 3-9. 
b. Loosen clamp screw. 

c. Remove the two phillips screws which secure leads to top of capacitor. 

d. Remove capacitor. 

e. To replace capacitor reverse steps b through d. 
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SECTION 4 

REMOTE WANGNET HARDWARE CONFIGURATION 

4.1 PRODUCT OVBRVIEW 

a. General Description 

The Telecommunications Processor (TCP) resides externally to the VS CPU 

cabinet. Up to four TC-81 controllers can reside in the TCP unit: 

1. The TC-81 is a Z80 microporocessor based Telecommunications 

controller. Besides having an RS-232C interface, the TC-B1 will 

also provide an RS-449 interface via a 37-pin mode connector. 

This interface will be multiplexed along with RS-232C interface. 

With RS-449 interface, longer cable lengths and faster baud rates 

are significantly increased over RS-232C connections. Depending 

upon the data modulation rate, a maximum of 4000 feet of cable 

length between the data-terminal equipment and the data 

communications equipment can be achieved. Additional interface 

to the RS-366 automatic calling unit (ACU) will be available, 

which permits any terminal or host to call any telephone number 

in the switched telephone network and transfer the circuit to the 

associated modem for the automatic transfer of data. 

2. The memory organization consists of 4K PROM, for power-up 

diagnostics, and 60K of RAM. 

3. The TCP will be used to interface between the VS and OIS and 

communicate between both sites in HDLC mode. This environment 

will be known as the remote WangNet. 

4. The remote WangNet allows OIS systems to communicate 

interactively or in a batch mode with a VS system. 
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4.2 HARDWARE 

4.2.1 VS HARDWARE 

a. The 22V17 or 22V27 used will support all serial workstations, including 

the VS Archiving Workstation, and all serial printers. These differ 

from the existing serial IOP's in one way only, they contain the nec­

essary internal microcode to support the new Telecommunications Proc­

essors (TCP's). Engineering Change Orders (E.C.O.'s) which must be im-

plemented on either the 22V17 and/or 22V27 are identified in Appendix I. 

b. The connection between the serial IOP and the TCP is coax. 

c. Full Duplex modems with switched carrier at the remote sites (leased 

lines only), or 2228N null modem must be used. 

vs 

22V17-1 
22V17-2 

22V27-1 
22V27-2 

6554-1 
6554-2 
6554-3 
6554-4 

4.2.2 ors HARDWARE 

Serial IOP Used On 

8 port vs 80 
16 port vs 80 

8 port vs 100 
16 port VS 100 

TCP Telecommunications Controllers 
Contains 1 TC-B1 

2 
3 
4 

NOTE 

The TCB-1 TC controller is mounted internally. 

a. OIS must have BMb of disk storage. The 5556C workstations 

are used for interactive communications with the VS. Any 
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64K Z80 based workstation must be dedicated to run the batch file program (any 

workstation may access the queues set up by this workstation). 

b. VS software is modified OS 5 

c. OIS uses 6.3 starter and must have external file source. 

4.3 COMMUNICATION INTERFACE 

The protocol used between the systems is HDLC and communications uses a 

modified subset of X.25. This does not imply the RCF will run on X.25 

networks. Using this protocol each TC-B1 on the VS can support 24 virtual 

circuits and each OIS TC-81 can support six virtual circuits. When File 

Transfer Manager is brought up on the VS, it will take one circuit leaving 

only ~3. As each interactive terminal on the OIS or OIS's is activated, it 

will take one virtual circuit. If File Transfer Manager is activated on an 

OIS, it will take one virtual circuit leaving only five available on that OIS 

for interactive terminals. If' multiple OIS's are running on one line, (six 

OIS's maximum) and they all have FTM activated only one virtual circuit will 

be used on the VS leaving 23, bJt each OIS will have five left on each. 

The configurations are illustrated in figures 4-1 through 4-4 • 
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vs 

CPU 

22V17 
OR 

22V27 
IOP 

--· ·--··------------------..---------. 

T 
c 
B 
1 

v s 

c p u 

FIGURE 4-1 

MODEM 

MODEM 

T C P 

2 
2 
v 
1 
7 

VS CONFIGURATION 

MODEM 

LEASED POINT TO POINT LINE 

TCP 

FIGURE 4-2 MINIMUM CONFIGURATION 
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I OR 

CPU 22V27 
. I IOP 

*WITH REMOTE 

TCP-1 

OIS CLUSTER 
OPTION SOFTWARE 

LEASED MUL Tl-POINT LINE 

•WITH REMOTE 
OIS CLUSTER 
OPTION SOFTWARE 

FULL 
DUPLEX 
MODEM 

OIS 
SYSTEM 

TC-81 

UPT06TOTALSYSTEMS 

VI. B .4M-2 

*WITH REMOTE 
OIS CLUSTER 
OPTION SOFTWARE 

FIGURE 4-3 MAXIMUM REMOTE CONFIGURATION 

vs 
I 22V17 

OR 
CPUI 22V27 

~--
1 IOP 

. I 22V06 
TC IOP 

I 

*WITH REMOTE OIS 

CLUSTER SUPPORT 
SOFTWARE OPTION 

ICP 

MODEM 

MODEM 

MODEM 

MODEM 

~ ~MMAINFRAM~ 

LEASED LINE 

MAILWAY LINK 

~ I 
B I 
1 

OIS 
SYSTEMS 

1TO6 OIS 

BISYNCHRONOUS COMMUNICATIONS 

/ 
'WITH REMOTE OIS 
CLUSTER OPTION 
SOFTWARE 

FIGURE 4-4 COMPLEX VS CONFIGURATION 
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5. 1 INTRODUCTION 

SECTION 5 

TROUBLESHOOTING 
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Troubleshooting the Telecommunications Processor (TCP) can be a complex 

task. There are many components involved, such as telephone lines, modems, 

host computers, and remote facilities. Any one of these can cause a problem. 

This section provides tests and diagnostics for troubleshooting the 

components. When a problem is encountered in the telecommunications system 

during installation, refer to the Troubleshooting Checklist (Paragraph 5.2). 

This checklist is designed to assist the Customer Engineer in locating and 

repairing faults in the telecommunications system. 

5.2 TROUBLESHOOTING CHECKLIST 

The first thing any service representative should do is to check the 

installation items as follows: 

a. Check the entire TCP unit by running the power-up diagnostics defined 

in paragraph 5.6 and check all voltages. The voltage measurement test 

points ar•e located on the mounting bracket of the TC-81 board (See 

Figure 5-1). 

------------------------CAUTION--------------------------
Avoid touching bare leads and causing a short circuit: 
very little clearance is provided for these measurements. 

b. Use a DVM (Digital Voltmeter) for all voltage measurements. 

c. Position the system power switch to ON. 

d. Measure the de voltaces at the test point on the TC-B1 board, using 

GND as reference. The de Voltage Measurements are: 
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-12V ) 
+12V ( 

-SV j' +sv 
GRD 

.... ·­M ...... 

,- ' 

;, 
·1~~ ' < ~ 

FIGURE 5-1 VOLTAGE TEST POINTS 
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I o 

+12VR 

r 
+5VR2 

e +5VR1 

I 

FIGURE 5-2 VOLTAGE ADJUSTMENT POTS 
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TEST POINTS LIMITS 

-12V -11.8V to -12.2V 

+12V +11.8V to +12.2V 

-5V -4. 9V to -5. 1 v 
+5V +4.9V to +5. 1 v 

e. Adjust positive voltages to within limits using the three adjustment 

pots located on the TCP Regulator Board (see figure 5-2): 

+5VR1 adjust +5 volts for boards in Channels iind 2. 

+5VR2 - adjust +5 volts for boards in Channels 3 and 4. 

+12VR - adjust +12 volts for boards in Channels 1, 2, 3, and 4. 

f. Check the TC-B1 for correct switch setting, assuring switches SW 1 and 

SW 2 (located on the TC-B1 motherboard, WLI # 210-7763-A) are set as 

shown in figure 3-3. Power down unit and visually inspect the board 

for any broken components, short etches, etc. Make sure the board is 

e 

seated properly into its connectors. e 
g. Check the T.C. cable for any bad contacts. Do a continuity check on 

the cable from one end to another end and make sure all the required 

signal wires are connected on both ends of the cable. Power-up unit. 

h. Call the Telephone Data Service Center and have the modem checked. If 

possible be present when the modem service representative arrives and 

show him the problem. 

i. Get in touch with data processing personnel at the host computer and 

discuss the sign-on procedure and explain the problem. Almost all of 

the sign-on type problems can be resolved this way. If you know 

anyone else using the same host computer or similar system, find out 

how he is using it. 

j. Most important of all, try to get help from your area office, program 

analyst, home office, or anyone you know who has a telecommunications 

background. 
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5.3 ITS-1 EIA INTERFACE TEST SET 

The model ITS-1 EIA Interface Test Set is a self-contained pocket size 

test set that can be inserted between the Data Communication Equipment (DCE) 

or modem and Data Terminal Equipment (DTE). It permits the user to monitor 

the EIA RS-232 signals and isolate and identify sources of trouble. 

The EIA Interface Test Set contains nine indicators which continuously 

monitor the level of the following interface signals: transmitted data, 

received data, request-to-send, clear-to-send, data-set-ready, received­

carrier-detect, data-terminal-ready, signal-quality-detect and ring 

indicator. Two indicators monitor the transmit and receive clock signals. 

Unlike the nine level indicators, the two indicators will not respond when 

only a de level is present. The clock interface signal indicators will only 

turn on when there is an active clock signal present. Two additional 

uncommitted indicators are available for monitoring either positive or 

negative levels on any of the interface lines. 

The Interface Test Set contains 24 switches which allow any of the 

interface signals except line one, (Frame Ground) to be interrupted. These 

switches are physically located in the center of the front panel and 

functionally divide the Test Set into two halves. The upper half contains a 

cable and connector for connecting the Test set to the DCE (data 

communications equipment) or modem. The indicators which monitor signals 

originating from the modem are also located on the upper half of the front 

panel. Likewise, the lower half of the Test Set contains a connector to which 

the DTE (Terminal or CPU) can be connected. The indicators which monitor 

signals originating from the DTE are also located on the lower half of the 

test set Furthermore, the positive and negative test indicators are also 

located on the lower half of the Test Set. All indicators are labeled with 

both the standard EIA designation and the commonly used abbreviations. 

Twenty five pins are located both above and below the switches. These 

pins permit monitoring of any of the interface lines with either or both the 

positive and negative test indicators with jumpers supplied or probing with an 

external meter or oscilloscope. Both sets of pins are arranged in the same 

configuration and order as the pins in a standard EIA RS-232 female connector. 
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The Interface Test Set is housed in a sturdy plastic case with aluminum 

extrusions and hinge. A positive latch is provided on the cover to keep the 

Test. Set closed securely when not in use. The front panel is photographically 

etched and overcoated to prevent the lettering from being scratched or marred 

during use. The Test Set is self-contained and is powered by two penlite 

batteries which will provide over 100 hours of continuous operation. No power 
is consumed by the Test Set when not in use. 

EIA INTERFACE TEST SET SPECIFICATIONS 

LEVEL INDICATORS 

Transmitted Data 

Received Data 

Request-to-Send 

Clear-to-Send 

Data-Set-Ready 

Received-Carrier-

Detect 

Data-Terminal-Ready 

Signal-Quality-Detect 

Ring Indicator 

Positive Test 

Negative Test 

ACTIVITY INDICATORS ••••••••••• Transmit Clock 

Receive Clock 

INDICATOR THRESHOLD···········~ 3 volts 

INDICATOR INPUT IMPENDANCE ••••• 30,000 ohms 

POWER ••••••••••••••••••••••••• Two 1.5 volts 

AA Batteries 

DIMENSIONS •••••••••••••••••••• 4.5"L x 3.6 11W 

1. 611 H 

WEIGHT •••••••••••••••••••••••• 12oz. 

5.4 MODEM CONTROL SIGNALS CHECKOUT 

If the modem is suspected of causing trouble, the following control 

signals can be checked using an oscilloscope or an EIA Interface Test Set 

which provides test points and LED's that. indicate signal activity. The modem 

must be in the data mode when checking the control signals. 

a. Position the TC-B1 so that you have access to the signals used by 

the EIA Interface Test Set connector (25-pin Cannon connector) or 

use an EIA Interface Test Set. Signal pin numbers given below are 

in reference to 25-pin Cannon connector (refer to Appendix H). 
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b. Pins 1 and 7 are chassis and reference ground. Check for any noise on 

ground circuit. 

c. Pin 2 TRANSMITTED DATA (TO r;ata set). 

Signals on this circuit are generated by data terminal equipment. 

Check to see if terminal is transmitting data when in transmit mode. 

The data terminal will not transmit data unless Clear-To-Send signal 

is ON (+3V to +25v) at pin 5, Data-Terminal-Ready signal is ON (+3v to 

+25v) at pin 20 and Data-Set-Ready signal is ON (+3V to +25v) at pin 6. 

d. Pin 3 RECEIVED DATA (FROM data set). 

Signals on this circuit are generated by receiving data set in 

response to data signals received from a remote data set. This 

circuit is always held in the MARK state (-3v to -25v) when the 

Received Line Signal Detector (pin 8) is OFF (-3v to -25v). 

e. Pin 4 REQUEST-TO-SEND (TO data set). 

Data terminal presents ON signal (+3v to +25v) to this circuit when 

data terminal intends to transmit data. After turning this signal ON, 

data terminal must wait for ON condition of Clear-To-Send (pin 5) 

circuit before starting data transmission. 

f. Pin 5 CLEAR-TO-SEND (FROM data set). 

Signal on this circuit is generated by data set to indicate whether or 

not data set is ready to transmit data. This circuit is turned ON 

(+3v to +25v) in response to ON signal at pin 4 (Clear-To-Send) 

delayed approximately 50 to 200 ms depending on type of modem and 

customer optior.s selected. 
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g. Pin 6 DATA SET READY (FROM data set). 

The ON condition (+3v to +25v) of this circuit indicates that data 

set is in DATA mode, and is capable of receiving and transmitting 

data. The Data-Terminal-Ready signal at pin 20 must be ON (+3v to 

+25v) during DATA mode. The OFF condition (-3v to -25v) indicates 

that data set is in Talk, Test, or On-Hook mode. 

h. Pin 8 RECEIVED LINE SIGNAL DETECTOR (carrier) (FROM data set). 

The ON condition (+3v to +25v) of this circuit indicates that the 

data carrier signal is above t.he receiver threshold for at least 47 

~3 milliseconds. This circuit is ON during the receive mode and 

will turn OFF (-3v to -25v) and disable the receiver when the data 

terminal is in the transmit mode or when Request-To-Send signal is 

turned ON. 

i. Pin 15 TRANSMITTER SIGNAL ELEMENT TIMING (FROM data set). 

The square wave signals on this circuit at 2000 HZ (for 2000 baud 

modem) or 2400 HZ (for 2400 baud modem) or 4800 HZ (for 4800 baud 

modem) are used to provide the data terminal equipment with signal 

element timing information for the transmitted data circuit. A 

timing signal will be present on this circuit in most cases when 
power is on in the data set. 

j. Pin 17 RECEIVER SIGNAL ELEMENT TIMING (FROM data set). 

The square wave signal on this circuit at 2000 HZ (2000 baud modem) 

or 2400 HZ (2400 baud modem) or 4800 HZ (4800 baud modem) rate is 

used to provide the data terminal equipment with receiver signal 

element timing information. The transition from ON-to-OFF normally 

indicates the center of each signal element on the received data 

circuit. A timing signal will be present on this circuit when 

CARRIER (pin 8) is ON for data sets 201A and 201C. 
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k. Pin 20 DATA TERMINAL READY (TO data set). 

The data terminal must apply an ON condition (+3v to +25v) to this 

circuit at all times to go into the DATA mode. An OFF signal on this 

line will not allow the data set to go in the data mode. An OFF 

signal on this line during data transmission/reception will make data 

set drop the communication line. 

5.5 MODEM SELF TESTS 

Several manufacturers including Bell Telephone have the self loopback test 

along with other tests built into their modem. Before calling the Telephone 

company or manufacturer, please use these self tests. Test procedures are 

always given in the modem operating manual. The Bell 201C and 

2088 data sets which have self tests and instructions to run them are given 

below. 

5.5.1 DATA SET 201C SELF TESTS 

5.5.1.1 BUTTONS ON THE DATA SET 

Five buttons are located on the front panel of the data set. The 

functions of the buttons are as follows: 

a. RO (Receive Only) - Used when testing the data set to condition it 

locally as a receiver. 

b. AL (Analog Loopback) - Connects the output of the local transmitter to 

the input of the local receiver. 

c. ST (Self Test) - When depressed this button causes the data set 

transmitter to turn on and transmit a fixed pattern. 

d. RT (Remote Test) - When depressed, this button conditions the data set 

to be tested remotely from a Telephone Company Data Test Center. 
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e. DL (Digital Loopback) - This button allows for digital loopback test 

on a 4-wire data set. 

5.5.1.2 STATUS LAMPS ON THE DATA SET 

The data set is provided with eight status ldmps. Each lamp lights a 

portion of the front panel which shows the name of the control lead being 

monitored. The lamps and their functions are as follows: 

a. ON Lamp - This lights when the power cord is plugged into a 105- to 

130-Vac source. 

b. TR (Terminal Ready) - This lamp monitors the status of the data 

terminal ready signal on the customer interface. When the lamp is 

lighted, the signal is iu the on condition and tells the data set 

that the terminal is ready for data communication. 

c. MR (Modem Ready) - This lamp monitors the status of the data set 

ready signal on the customer interface. When the lamp is lighted, 

the signal is in the on condition and the data set is ready for data 

communication. 

d. RS (Request-to-Send) - This lamp indicates the status of the 

request-to-send signal on the customer interface or from the 

internal circuts which check the data set. When the lamp is 

lighted, the request-to-send signal is in the on condition and tells 

the data set to be conditioned to transmit data. In normal 

operation, when the CO lamp is on, the RS lamp will be off 

regardless of the status of the RS signal at the customer interface. 

e. CS (Clear-to-Send) - This lamp monitors the status of the carrier on 

signal on the customer interface during both normal and test modes 

of operation. The lamp comes on when a signal is being received by 

the data set. 
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f. CO (Carrier On) - This lamp monitors the status of the carrier-on 

signal on the customer interface during both normal and test modes of 

operation. The lamp comes on when a signal is being recieved by the 

data set. 

g. t-1: (Modem Check) - The MC lamp indicates the absence of the receiver 

signal timing (pin 17) signal at the customer interface. In normal 

operation, the lamp will be ON when the CO lamp is OFF. It will be 

OFF when the CO lamp and interface signal CF (pin 8) are ON. When 

using the self-test feature, the MC lamp is ON whenever CO is OFF. 

However, when CO is ON during self-test, the MC flashes ON whenever an 

error occurs on the ren~ived data lead. 

h. TM (Test Mode) - This lamp will light when the data set is placed in 

the test mode by use of the AL, ST, RT or DL test switches. 

DATA SET TESTING 

Perform an analog loop-back self-test with a data set at each end. If 

either set fails, replace it with one known to be operating properly. If both 

data sets pass the analog loop-back self-test, perform the end-to-end 

self-test (2-wire sets). 

5.5.1.4 ANALOG LOOP-BACK SELF TEST (2-WIRE OR 4-WIRE DATA SETS) 

a. Depress the AL and ST switches. 

Requirement: All lamps except MC are lighted during a 30-~econd 

testing interval. If the MC lamp blinks or remains steadily ON, or if 

any of the other lamps are extinguished, the data set is defective and 

should be replaced. 

b. Depress the RO switch. 

Requirement: RS and CS lamps extinguish. MC lamp lights. CO lamp 

extinguishes if data set optioned for switched carrier operation 

(option XA, XD, or XE). 
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c. Return the data set to normal operation by depressing the RO, ST and 

AL switches. 

Requirement: Switches return to the out position and TM lamp 

extinguishes. 

5.5.1.5 END-TO-END SELF-TEST (2-WIRE DATA SET) 

a. Depress ST switch at both ends. 

Requirement: TM lamp lights. 

b. Depress RO switch at receive ends. 

c. Establish line connection. 

Requirement: At transmit end, all lamps are lighted except CO lamp. 

At receive end, all lamps are lighted except RS, CS, and MC lamps. If 

MC lamp blinks an average or more than twice per minute or remains 

steadily ON, the data set or telephone facility is the source of 
trouble. 

d. Repeat the test in the opposite direction by releasing the RO switch 

at one end and depressing the RO switch at the other end. 

e. Return to pretest mode by releasing the ST switches at both ends and 

releasing the RO switch at the receive end. 

Requirement: TM lamp extinguishes. 

5.5.2 DATA SET 208B SELF TESTS 

5.5.2.1 BUTTONS ON THE DATA SET 

Six buttons are located on the front panel of the data set. All of these 

except the LP button are push-to-operate, push-to-release type. The functions 

of the buttons are as follows: 
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a. LP (Lamp Test) - When depressed, this button causes all lamps to light 

except the ON lamp (The ON lamp is normally lighted when power is 

applied). This button is used to determine if all the status lamps 

are functional. Its use does not affect other data set operations. 

b. AL (Analog Loopback) - Connects the output of the local transmitter to 

the input of the local receiver. Depressing the AL button prevents 

the data set from entering the data mode from the talk mode or upon 

automatic answer. While the talk mode is not inhibited and calls can 

be made with the telephone set, any attempt to transfer to the data 

mode will result in the line being disconnected if the AL button is 

depressed. 

c. ST (Self Test) - When depressed, this button causes the data set 

transmitter to turn on and transmit a fixed pattern. The receiver is 

conditioned to look for this pattern and generate a signal which 

causes the ER lamp to flash if an error is detected. 

d. RO (Receive Only) - Used when testing the data set to condition it 

locally as a receiver. When depressed, the switch internally 

conditions the request-to-send signal to off regardless of the state 

of the request-to-send signal from the terminal equipment or from 

other test buttons. 

e. RT (Remote Test) - When depressed, this button conditions the data set 

to be tested remotely from a Telephone Company Data Test Center (DTC). 

f. 50 Button - When depressed, this button provides a request-to-send/­

clear-to-send interval of 50 millisecond (ms). When the button is 

released, the request-to-send/clear-to-send interval is 150-ms. In 

almost all cases, the 50-ms request-to-send/clear-to-send interval can 

be used (button depressed). The 150-ms request-to-send/clear-to-send 

interval (button released) is provided to assure terminal 

compatibility and for applications where the channel delay exceeds the 

length of the transmitted ~ignal. If the terminal equipment 

experiences frequence time-outs, the 150-ms request-to send/clear-to 

send interval might correct the condition. 
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5.5.2.2 STATUS LAMPS ON THE DATA SET 

The data set is provided with seven status lamps. Each lamp lights a 

portion of the front panel which shows th' name of the control lead being 

monitored. The lamps and their functions are as follows: 

a. ON Lamp - This lights when the power cord is plugged into a 105- to 

130-volt ac source. 

b. TR (Terminal Ready) - This lamp monitors the status of the data 

terminal ready signal on the customer interface. When the lamp is 

lighted, the signal is in the ON condition and tells the data set that 

the terminal is ready for data communication. 

c. MR (Modem Ready) - This lamp monitors the status Qf the data set ready 

signal on the customer interface. When the lamp is lighted, the 

signal is in the ON condition and the data set is ready for data 

communication. 

d. RS (Request-to-Send) - This lamp indicates the status of the 

request-to-send on the customer interface or from the internal 

circuits which check the data set. When the lamp is lighted, the 

request-to-send signal is in the on condition and tells the data set 

to be conditioned to transmit data. In normal operation, when the CO 

lamp is on, the RS lamp will be off regardless of the status of the RS 

signal at the customer interface. 

e. CS ( Clear-to··Send) - This lamp monitors the status of the 

clear-to-send signal on the customer interface during both the normal 

and test modes of operation. When the lamp is lighted, the signal is 

in the on condition and the data set is ready to transmit data. 
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f. CO (Carrier ON) - This lamp monitors the status of t.he carrier on 

signal on the customer interface during both normal and test modes of 

operation. The lamp comes on when a signal is being received by the 

data set. 

g. ER (Equalizer Retrain) - This lamp monitors the status of the 

automatic retrain mode. If the CO lamp is lighted and the ER 

indicator is blinking, it indicates that invalid data has been 

received and that the automatic equalizer is now retraining. 

Continuous blinking, while the CO lamp is on, is an indication of 

marginal performance. When the data set is in the ST mode, the ER 

lamp blinks when an error is detected in received data. For normal 

operation, when the CO lamp is off, the ER lamp should be lighted and, 

when the CO lamp is lighted, the ER lamv should be off. Thus, CO and 

ER lamps light alternately in normal operation. A lighted ER lamp 

indicates an abnormal condition only when the CO lamp is also lighted. 

DATAPHONE TESTING 

In cases of suspected trouble, the attendant should perform the Lamp 

Check, the Analog Loopback Test, test the data terminal equipment, and perform 

and End-to-End Self Test before calling the Telephone Company to report 

trouble. Only if these checks indicate trouble in Telephone Company provided 

equipment should the problem be reported to the Telephone Company. 

In addition to the following tests, the Telephone Company Test Center 

personnel may request further assistance in trouble isolation by use of 

built-in features. 

5.5.2.4 LAMP TEST 

Depress the LP nonlocking button. All the lamps on the data set should be 

lighted. The LP can be depressed at any time since it does not affect normal e data set operation. 
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5.5.2.5 ANALOG LOOPBACK SELF TEST 

The Analog Loopback Self Test is performed to analyze the data set 

without using external equipment. The test is performed as follows: 

a. Check that the data set is idle and that power is applied. 

b. Depress AL button. 

c. Depress ST button. 

d. Check that the ON, RS, CS and CO lamps are on and that ER and MR 

lamps are off. Disregard the status of the TR lamp. If the lamps 

are not as indicated, the data set has failed the Analog Loopback 
Self Test. 

e. Observe the ER lamp for 30 seconds. If the ER lamp is on or blinks, 

this indicates that the data set has failed the Analog Loopback Self 
Test. 

f. At the end of the test, depress the AL and ST buttons to return the 

data set to the normal operating condition. 

NOTE 
The data set power supply is equipped with an 
over-voltage protection circuit which limits 
the output voltage as it rises excessively. If 
this occurs, the data set will fail the Analog 
Loopback Self Test. To reset the power supply, 
the power cord must be unplugged and replugged 
into the ac outlet. If the data set still fails 
the Analog Loopback Self Test, notify the Tele­
phone Company Repair Service for correction of 
the problem. 
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5.5.2.6 END-TO-END SELF TEST 

The End-to-End Self Test is performed to test both far-end and near-end 

data sets and the telephone channel between the two sets. The test is 

performed as follows: 

a. Place a call to the far end and arrange to perform the End-to-End Self 

Test. Discuss the duration of the test (at least 5 minutes) and when 

to return to the talk mode. 

b. Request the far ~nd to check the following lamps after the far-end 

data set has bee~ transferred to the data mode. (ON, RS, CS, and ER 

lamps are on; MR and CO lamps are off; disregard status of TR lamp.) 

If the lamps are not as indicated, the system has failed the 

End-to-End Self Test. 

c. Request the far end to depress the ST buttom on the data set and the 

DATA button on the telephone set. The far-end data set is now 

! e transferred to the d.·ta mode. 

d. Depress the ST and RO buttons on your data set and then depress the 

DATA button on the telephone set. Your data is now transfered to the 

data mode and it is possible to recieve data. 

e. Check that the ON and CO lamps are on at your data set and that the 

RS, CS, MR, and ER lamps are off. Disregard status of the TR lamp. 

If the lamps are not as indicated after transferring to the data mode, 

the system has failed the End-to-End Self Test. 

f. Observe the ER lamp for a 5-minute period. The ER lamp should be off 

and should not blink more than an average of three times in any 

1-minute period. 

g. After the prearranged time, return to the talk mode and discuss the re 

sults of the test. 
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h. Repeat the test in the opposite direction by releasing the RO button 

on your data set. Request the far end to depress the RO button on 

that set. 

i. Request the far end to check the following lamps after both data sets 

have been transferred to the data mode. (ON and CO lamps are on; RS, 

CS, MR, and ER lamps are off; disregard status on TR lamp.) If the 

lamps are not as indicated, the system has failed the End-to-End Self 

Test. 

j. Return both data sets to data mode by depressing DATA buttons on the 

telephone sets at both locations. 

k. Check that the ON, RS, CS, and ER lamps are on at your data set and 

that the MR and CO lamps are off. Disregard status of TR lamp. After 

transferring to the data mode, if the lamps are not as indicated, the 

system has failed the End-to-End Self Test. 

1. Repeat the 5-minute check for this direction of transmission; then 

return to talk mode. 

m. After the 5-minute check has been performed and the results have been 

discussed, return the data sets to normal operation by releasing the 

ST button at your data set. 

n. Return the far-end data set to normal operation by releasing the ST 

and RO buttons. 

NOTE 
If tests fail, make another attempt before 
reporting trouble by establishing a new con­
nection. 
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5.6 POWER-UP DIAGNOSTICS 

Upon powering-up, the TC-B1 microprocessor will run the TC-B1 power-up 

diagnostics. This will take 12 seconds, after this time the LED's located on 

the TC-B1 front panel will give an ON, OFF or BLINKING indication. 

The TC-81 front panel has 8 LEDs, numbered 1 through 8. Number 8 is a 

power indicator which is either blinking or ON. The others are either ON or 

OFF. Use of the LED's provides the Service Representative with maximum 

information and remains as consistent as possible with the front panel 

convention of the OIS System. 

The following procedure is to be used as an example in locating TC-B1 

faults. The LED indications in Figure 5-3 are to be used in conjunction with 

the following sample procedure, this procedure should help in understanding 

how Charts 1, 2, and 3 are used. 

a. Refer to Chart 1 to find the Condition of the TC-B1. Figure 5-3 
shows LED 1 ON and 8 BLINKING, this condition indicates a Memory 
Chip Error (as indicated in Chart 1). 

b. Locate the bank which has the defective memory chip. Figure 5-3 
shows LED 2 OFF and LED 3 ON, therefore Bank 1 has the defective 
memory chip (as indicated in Chart 2). 

c. Locate the defective chip. Figure 5-3 shows LED 4, 5, and 7 OFF and 
LED 6 ON, therefore Chip 2 is the defective chip (as indicated in 
Chart 3). 

This is the description of LED usage for the preliminary release of the 
power-up proms. 
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Condition 

Inltial power-on or 

system reset 

Power-up Diagnostic Running, 

no error 

Memory chip error Detected 

VI.B.4M-2 

Indication 

1-7 ON, 8 BHnk1ng 

1-7 OFF, 8 Blinking 

ON I 8 Blinking 

Memory Error, not repairable 

by replacing RAM chip 

OFF, 2 ON, 3-7 OFF, 8 BLINKING 

Fault on Motherboard 1-2 OFF, 3 ON, 8 BLINKING 

Waiting for IPL 1-6 OFF, 7 ON, 8 BLINKING 
Operation Systel!; Running 1-7 N.A. I 8 ON 

CHART 1 - Error Indication 

LED 2 ~ 
0 0 BANK 0 
0 1 BANK 1 
1 0 BANK 2 
1 1 BANK 3 

CHART 2 - Bank Identification 

LED !j 5 6 7 
0 0 0 1 CHIP 1 
0 0 1 0 CHIP 2 
0 0 1 1 CHIP 3 
0 1 0 0 CHIP 4 
0 1 0 1 CHIP 5 
0 1 1 0 CHIP 6 
0 1 1 1 CHIP 7 
1 0 0 0 CHIP 8 
1 0 0 1 CHIP 9 

See Figure 5-4 for chip location. 

CHART 3 - Chip Identification 
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5.6.1 DIAGNOSTICS SWITCH SETTINGS 

SW Bank 1 located on the CPU Motherboard (see Figure 3-3) is also used to 

select RS232/RS449 external loopback options. Also selectable is a loop on 

power-up o~ tion. 

SW '7 ON - RS232 External Loopback and ACU Loopback 

SW 6 ON - RS449 External Loopback is to be Tested 

SW 8 ON - Loop On Power-up 

5.6.2 RS232 EXTERNAL LOOPBACK AND ACU (RS366) LOOPBACK 

a. Set Switch 1 

b. Install Loopback PLug 

c. Perform Loopback Test 

Switch Bank 1 located on the CPU 

Motherboard (see Figure 3-3) is used to 

select the RS232 External Loopback and ACU 

Loopback test. This test is performed 

during unit troubleshooting; therefore; 

select this test by positioning Slide SW 7 

and 5 ON, and Slide SW 1,2,3,4,6, and 8 

OFF. 

The RS232/RS336 Loopback connector plugs 

into the corresponding RS232/RS336 

connector on the rear panel. 

To perform the Loopback Test simply turn 

the CPU ac power switch ON, the test will 

run automatically. Once the test is 

completed the LEDs on the front panel will 

indicate the condition of the board. 
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5.6.3 RS449 EXTERNAL LOOPBACK TEST 

a. Set Switch 1 

b. Install Loopback Plug 

c. Perform Loopback Test 

5.6.4 LOOP ON POWER-UP 

a. Switch Setting 

b. Perform Loopback Test 

Switch Bank 1 located on the CPU Motherboard 

(see Figure 3-3) is used to select the RS449 

External Loopback Test. This test is 

performed during unit troubleshooting; 

therefore; select, this test by positioning 

Slide SW 5 and 6 ON, and Slide SW 1,2,3,4,7, 

and 8 OFF. 

The RS449 Loopback connector plugs into the 

corresponding RS449 connector on the rear 

panel. 

To perform the Loopback Test simply turn the 

CPU ac power switch ON, the test will run 

automatically. Once the test is completed 

the LEDs on the front panel will indicate the 

condition of the board. 

Switch Bank 1 located on the CPU Motherboard 

(see Figure 3-3) is used to select the Loop 

On Power-Up Test. This test is performed 

during unit troubleshooting; therefore; 

select this test by positioning Slide SW 5 

and 8 ON, and Slide SW 1,2,3,4,6, and 7 OFF. 

To perform the Loopback Test simply turn the 

CPU ac power switch ON, the test will run 

automatically, continuously looping on the 

power-up diagnostic. The LEDs on the front 

panel will indicate the condition of the 

board. 
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5.6.5 "DIS" and "CLR" SWITCH 

The display panel provides two momentary contact switches: "DIS' signals 

the communication interface to inactivate the Data Terminal Ready signal, and 

"CLR" generates a Power-On Reset state. 

5.6.6 VS DIAGNOSTIC MONITOR PACKAGE 

The VS Diagnostic Monitor Package consists, primarily, of a monitor 

program and a set of diagnostic microcode programs. The diagnostic microcode 

programs run in and test serial devices. The Monitor runs under the control 

of the VS operating system and acts as the user/program interface. It allows 

the user to select th~ device he wishes to test, and then to select and 

download one or more diagnostic microcode programs to that device. When a 

diagnostic microcode program has been downloaded, the monitor program allows 

the user to control and observe the diagnostic microde program's progress. 

The diagnostic monitor tests the TC-B1 as follows: 

a. Upper RAM Diagnostics, Rev. 1194 
(Tests RAM from 8K to the end of memory) 

b. Z-80 CPU Instruction Test, Rev. 1110 
(Tests all instructions of the Z-80 within controller) 

c. TC-B1 Diagnostics, Rev. 1170 
(Runs under the control of VS Diagnostic monitor and test 
CTC, Il1A, SIO, internally and externally, Vector RAM and 
Character Monitor circuitry) 

5.6.7 FRONT PANEL "LEDSli 

The lights (LEDS) on the front panel of the TCP or on the OIS Master now 

are used to display some information on how the TC-B1 is operating. The use 

of these lights are defined below in terms of the number stenciled TC-B1 

operating panel. Light "1 11 will represent the le ft most light and light 11 811 

will represent the right most light. The light definitions are: 
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a. LED 1 System Activity 

When the TC-B1 is operating normally, the system activity light should 

be blinking at a couple times per second. This indicates that the 

TC-B1's have been successfully loaded and in the absence of other 

lights, waiting for a line to come up. If the light is running more 

slowly it is because a lot of message traffic requiring compression is 

being processed. The light will also run more slowly at 64000 baud. 

b. LED 2 Receive Data 

This light indicates that a frame was received, without CRC errors. 

This light inverts each time a message is received, thus the first 

message that is received will turn the light on, the second will turn 

the light off, etc. It is, therefore, not unusual for this light to 

remain on or to remain off for short periods of time during operation. 

c. L.ED 3 Transmit Data 

When this light is on the transmitter is currenly in the process of 

tr~nsmitting a frame on the line. Unlike the receive light, this 

light is only on when the transmitter is actually active, hence, when 

the light is off, that means the transmitter is not active. 

d. LED 4 Data Carrier Detect 

This light indicates that the signal DCD has been detected by the 

receiver. This light has a different meaning on the OIS system than 

on the VS. On the VS system, DCD is only active when the secondary is 

actually transmitting due to the multi/multi point nature of the data 

lines. Hence, on the VS system, this light should be used as another 

indication that secondaries are responding to polls. Note that this 

light, in conjunction with the receive data light, can be used to 

detect whether the secondaries are ~esponding to polls AND the primary 

is understanding the response. 
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On the OIS system, this light means that the local modem is operating 

and that the primary's modem is also operating, if modems are in use. 

If modems are not in use, then it indicates that the VS Primary 

software is actually operating. 

e. LED 5 Virtual Circuit Active 

If this light is lit, it means that at least one virtual circuit has 

been established. It could mean, for example, that a user has logged 

on or attempted to log onto the VS, or that a batch file manager is 

active. This light can be used to tell if any workstations are using 

the TC-B1 prior to it being IPLd as part of the control functions menu 

as described below. 

f. LED 6 Host Traffic Active 

When this light is lit, the TC-B1 is in the process of talking to the 

local host either the OIS or the VS. This light is the best 

indication that actual user messages are flowing through the system as 

opposed to the transmit and receive lights which in most cases, merely 

indicate the polls are happening. On the VS it is not unusual for 

this light to remain on for long periods of time. 

g. LED 7 TC-B1 Refusing New Traffic 

When this light is lit, TC-81 has more traffic than it is willing to 

handle at that particular time and additional user messages are being 

temporarily refused. This is not a fatal condition since the software 

is built with extensive logic to prevent traffic from increasing to a 

point where it would be fatal. However, it should be noted that if 

this light is frequently lit, user performance is suffering and the 

user should consider more communications hardware or operating at a 

faster line speed. 

5-27 



VI.8 .4M-2 

h. LED 8 Diagnostic Mode 

This light should be on and NOT blinking during an operation. This 

indicates that the TC-81 is in normal user• operation. 

i. Idle TC-81 

When a single light is rotating on the TC-81 from left to right, this 

indicates that the TC-81 is idle and may be loaded by the control menu 

and initialized. 
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APPENDIX B 

BILL OF MATERIALS 

VS-TCP Mother Board 
TCP Regulator 
TC-B1 Light Board 
TC-81 CPU Motherboard 
TC-81 Data Link & Memory PCB 

B-1 

210-7i61 
210-7760 
210-7865 
210-7763 
210-7762 
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Uf SC.RI PTI ON E C _.N .QUANT ITV .. U/H L/f 
PER ASSY 

___ .lll __ -1.Qll=..LCJ.Zl:L""------- _ _CAP . • U. Ut lOl luO V CERAHLC HONU ... _ .L99080 
IN 300-1931- 1 Uf C.t:RAHIC. CAPACIJOR-HIGH FREQ- 199080 
FS 300-1966- CAP .047 uf 50V+8o-zoi CERAMIC. HLO 

- ___ i__u __ ---3.0Q...,341.Q_..,__.,,__,,, __ CAP 50 Ut 50'i -10+ 75:C fLEC T AXIAL 19't33U 
IN 100-3018- 8.2K uf 25V ELECTROLYTIC. CAP-AXIAL- 199080 
IN 300-3080- - - 4K UF 30V lLEtT C.AP-A~IAL LEAD-

_J_S )Q0-400ll=__:-____ CAP 1.J L)f 35 v ioi r ANLAXIAL 
FS 300-4002- CAP .l LJF 35 V lOi TANT AXIAL 204540 
FS 300-4005- CAP .lb UF 35 V LO: TANT AXIAL 199080 
FS _.JQ.0-:4.00IS-_ CAP •. U Uf 35 V ltJl TANT AXIAL 
IN 300-4027- CAP 2.2 UF 35 V 51 TANT AXIAL 
FS 330-2011- RE.i lJJ 011''4 l/4w 5:.: t-IXELJ c.or11• 
IN __ _JJO-JOll-_ - - l<ES lK CHM 1/41> 5't FIXED C.UMP 
FS 330-3023- RES 2.2K UH~ 1/4w ~' FIXED COMP 
FS 330-3048- RES ~.IK OHH l/4W 5i ~lXlll COMP 
FS __ J30-.3tJ56- RES 5.bK UHM l/4h lU:C FIXED COMP 
tS 330-4010- RES lOK UrlM l/4W toi f lXED COMP 
fS 3J0-40l2- Rl:S 2lK UHM l/4W 104 flXtJ f ILM 
f-S. __ l.30:5013_~ _ - - lZOK UH~ l/4ri 5~ f4 JXtJ COMP 
IN 332-2027- RES 270 UHM lw lOl flXEO CUHP 
IN 132-30lC>- RES lK UHM lW lOi flXEO COMP 
It-a __ J36-:102Z.-_ - _RES 2K OHM VAR TRIM SIDE AllJ SQ 

215860 

199080 
204540 
1q4330 
l94HU 
194330 

194330 
199080 

I~ 331-2041- RES 470 UH~ 2w 10% f IXtO C.OHP 204540 
IN 350-0222- CON PN huK 90 ulG 2 PUS PCB INT Ktll 198340 
lN __ JJ't:-OilOZ.=- - IC REG I.Ji\ 7905 -5V Tll-2Zil 
IN 374-0003- lC. Rt:G UA 7912 -l2V TO-l20 
IN 37~-0024- IC REG UA78GUIC. PGS ADJ T0-202 
IN __ J_l.5:~102.7.=.. _____ -:. ___ ISTR ZN3725 u. ew sov SH NPN s 
I~ 375-1051- TRANS1sruk 2Nb2~2 -PLASTIC.-
IN 375-9010- HEAT SINK BIKTCHTtK 3ALb3~-2K 

.IN __J_l5.:::.90.1_8:'.' __ -_::__ __ nz HEATSINK THERMALLOY 6101 _ 
IN 376-0240- IC LM339 4 COMPARArOK 
FS 380-LOOl- 0035 SIL OIOUE 30V 100 HA AT lV T&R 
llL_ 380-3.llQ_B_-:___-:_~ _ Al5A. REC Tl fl ER 
IN 380-3015- - - SRS605 50 PIV b AHP Kt:C.TIFltR 
IN 510-7760- PC.b TCP REGULATUR llOARO 

199080 

204540 
204540 

__ 4.0000 
6.0000 
4.0000 
1.0000. 
2.0000 
l .0000 
1.0000 
1.0000 
z.oooo 
1.0000 
2.0000 
2.0000 
1.0000 
2.0000 
J.oooo 
1.0000 
5.0000 
1.0000 
3.0000 
l.0000 
z.oooo 
3.0000 
1.0000 
1.0000 
1.0000 
1.0000 
3.0000 
3.0000 
2.0000 
3.0000 
4.0000 
1.0000 
5.0000 
z..oooo 
2.0000 
1.0000 

EACH 
EACH 
EACH 
EACH 
EACH 
EACH 
EACH. 00001 
EACH 00001 
EACH 00001 
EACH 00001 
EACH 
EACH 
EACH 
EACH 
EACH 
EACH 
t:ACH 
EACH 
EAC.H 
EACH 
EACH 
EACH 
EACH 
EACH 
EAC.H 
EACH 
EACH 
EACH 
EAC.H 
EACH 
EACH 
EACH 
EACH 
EACH 
EACH 
EACH 

___ 1 _______ - _________ ES 650-HJZ=.._-_-=-___ SC._R 6-:-32 31_& PAN_l:iE.Al> .. S.LOLN.YJ._U_N_ ___ _zQt,,'tJU _ _1,0~00 
7.0000 

EACH 
l F~ 652-3002- - - NUT 6-l2UNC Hf:X REG PAT NYLON 204540 EACH 

·---L·-··--- ---· -- ----·- .. 

I 

' 



l"f!)QfH-A SINGLf-LtVO:L & J L L or ~ ~ l [ R I A L AS or RUN DATE: 08/2{,/!'I PAGE 1 

AS)~M3_f PART NJM8l~ ~1U-7865- LEGEND 
ASS::J1J3.LY Dt:SCRll']lON f'CA_TC~-1 LIGHL.BD .l: __ P_:;EHAN.TOMi 2: IHM MASTER Dl.LL.CODEi ;5; •:TAGHD OUT er KlTCPROD STR>. 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

.. :i 0 SIT lUN IN .. .LEGL.rt1>. __ .COMPO.NE NL .. -·-
S TRU: T Ui<L 1 2 3 FART 'IUH~ER 

l_N ~7.9-03 00-
IN 325-9034-
FS 330-2015-
lN_ .. _3_76-!1~ 05."." 
IN 376-90GB-
1N 465-174.~-

IN 510.-7865-
HI 60 0-3104-
FS 652-(1012• 
FS 65 ~-0029-
rs 653-60 09-

D ESC IUP TI ON 

. MICRO S~lfCH ASSY.C60b0-203 
PlJSH EUTTON RlO AlC0t:Cl2 
RES 1~0 OHM l/4'J HIX fllC[D COMP 
IC 16 PIN SOCKET CAt'16ION 
IC 16 PIN T!:o<NA lllf~30 
SPRJNI: Do30 MoOlB C.2:1J 810039-5027 
PCB TCB-1 LIGl-T fi[ 

'J IRE 26 AW G S TRANOt YEL TEFLON IN~ 
ALCO 114-40 X 5/16 HEX NUf 
ALCO LJCKIUSHlR 
WASH 1/4 o?671{'1 olt7At'C Jl'IT T 

E C N 

l<l.3690 
19:'690 

204340 
19 :'i6"C 
19 3~9D 

QUAN Tl TY_ U/~ LIT 
PER A~SY 

2.~000 E:ACH 00010 
2. 00 0 0 EACH 
e.cooo EACH 
1.0000 EACH 
1.0000 f.ACH 
2. oo r o EACH 
1. 00 0 0 EACH 

• 32 00 FEET 
If. 00 0 0 EACH 
2oll000 EACH 
2.0000 EACH 



HflDBO•A S I GLE·LlVEL B I L L OF HA 1 E FI AL AS or. RUN UH: 10/CE/l!l FHC 

ASSE,..BLY PART NU~ ER ~llJ-7763-A - - LEGE ND 
ISSEl'BLT C:£SCRIP1 CN FCA lCB-1 CFL "CTliE'F ED 1: F:ft,NTC~I 2: IT[~ ~-Sl[R Cfl' COC:Ei ~: •=lA~EEC Cll CF kllCFFCD SlR> 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

"0SITION IN l GEN!: 
S TR JCT UR [ 1 2 3 

IN 
IN 

F JN 
IN 
JN 
IN 
JN 
JN 
FS 
JN 
JN 
IN 

COHPONEl\T 
PART NUMBER 

000-0001-
ooc-0011-
20':i-7163-
377-0341-L 
377-0368-
377-0371-
377-0388-
377-03 '33-
378-600 '1-
615-15'3'1-
61 ~-15'35-
61~·16 59-

DESCFJPlION 

LIBCR CIRCLIT SYSlEPS 
LIECR 1:un1 lY CCl\lRCL 
PCA TC8-1 CPU "OTtEF ec 
2 ll'IL 1KX't STATIC RAH .\SDt.S L Pl.R 
JC ZODA CPU '10 PIN 
JC 2 8 C C TO 2 f F JP 
IC IH~517A1FC CIRECl ~£~CFY ICCESS 
ZEOA-SI0/2 SEFIAL 110 40 PIN 4HHZ 
TCB-1 POWER UP DIAGNOSTIC L95 
TRIH STRIP TCBl UPPER C10021-5029 
TFI~ STRIP TCfl LCl.ER C10021-5C2'J 
TFI~ STRIP lCEl HICl:LE c10021-ec2'J 

E C N GUH•llH 

20642 
HE4L 
2DE4L 
PA 1P£l 
20 :!980 
202160 
20~1f[ 

HLIH 

PER ASSY 

~.~ace 
.1occ 

1.cocc 
2oGOOD 
l • 00 DO 
1.cocc 
1.cocc 
1.0000 
1. co 0 0 
1. 00 0 0 
1.cocc 
1.cocc 

Ull' LIT 

EA Ct 
EACl1 
EACH 
EACt 
on 
EACl­
EACli 
EACt­
EHI­
E AC!-

cc t c ( 
CCGCt 

[0003 



'1iU .JdJ- A ) I ., lj L l - L t. II l l Ii I l L 'I A I I: K l A l A;, ul KL)N UAll::- l~/Jl/dl 

~::.:.LMt>LY l'.HI NJ'WLR LO'l-111'3- ••• PHAIHCM ••• lt.~LNLl 

AS~l~HLY ULSL~lPllu~ µLA Tld-1 CPU MOl'lEK UL) 1- P-PHANIUM- l- ITtM ~A~rtM OtLY CUuE- ]- •-IAGGEO OUT UF KlT-PKOD SlK-

l 
l 
l 
l 

l 
I 
I 
l 

I 
l 
I 
l 
l 
l 
I 
l 
l 
I 
l 
I 
I 

_ l. 
l 
l 
l 
l 
l 
l 
I 
l 
l 
I 
l 
l 
I 
I 
I 

PuSlJION IN Ll~£NO 
ST~uLTUKE l 2 3 

C.OHPONENT 
PAkT NUMHEH 

l!\I 2.20-311':>-
IN 300-1270-
IN 300-1~20-
J N __ 300-1903-
1 N 300-l'J06-
IN 300-1907-
1:-J 300- l ·HO-
I S 3'JO-l96b-
IN lOil-2210-
IN 30\l-4020-
t s 300-4022-
IN 3£5-1501-
IN 325-1503-
rs JJV-1011-
FS Jl'J-1057-
t-S 33\l-1069-
t-S JJJ-2011-
t s jJl)-3023-
~ s 3JO-J033-
FS 330-3041-
FS J30-J04d-
FS 330-3066-
FS .HO-'tOlO-
f ~ :no-402!-
~ s 3JU-4u47-
F5 330-4052-
FS JJ0-6033-
f S 330-6056-
r S Hl-20ll-
IN 337-1047-
lN 3!JO-'JOO'i-
l N 35U-'t506-
IN HS-1012-
lN . .J 75:-.1014-,_ .. - __ 
IN 316-0076-
IN Ho-0071-
1:~ JJ6-006.0"'._ 
IN 376-0126-
IN 376-0139-
IN 3 76-0148-
1 N 376-0153-
IN 376-0155-
Pi 376-0159-
IN 376-vlbO-
IN 376-0180-
IN 376-vl92-
l N 3/b-JlOZ-
1 ~I 3 lt>-u2 Oo-
1 :1 J7o-J20T-
1·'1 3 /1i-ul08-
I \ 11'>-J2v'J-
IN J7o-JL1J-

DESCRIPTION 

14 PlN FLAT CAHLE ASSY COo4~l-0014 
CAP 270 Pf lOl 500 V LERAMIC DISC 
CAP 820 PF lOt 500 V CERAHIC DISC 
CAP .Ol Uf +80-201 25 V CERAMIC 0 
C.\P .JOl I.If •.:•J; 500 V CERAMIC. LllSC 
CAP .JJ15 Uf £0t 500 V CERAMIC UISC 
.1 Uf 5JV +B0-201 CERAMIC. CAP-HIFRQ 
tAP .J47 ur 5JV+80-20' CERAHIC MLJ 
CAP .1 Uf lOi lOJ V HYLAR 
CAP 47.Q UF 15 V 10-' TANT AXIAL 
(.4P 15.Q UF 20 V lJ4 T4NJ AXIAL 
S~ITCH SLIJE S~~T 5 POS OIL 
S~lrCH ~Liu( SPST ~ PuS JIL 
RES lJ Crl~ 114~ 5~ FIXED COMP 
kES 56 UH~ l/4W 5& FIXE~ COMP 
KLS ba JHM 1/4W 5, flXEO COHP 
RLS lJJ OH~ l/'tW 5t f IXEU CU~P 
R~~ l.2K DH~ l/4n 5~ FIXl::J COM~ 
Rt~ 3.3~ url~ l/4n lu~ flXEu CGMP 
RtS 4.7K C~H l/'tR 10' FIXED COMP 
RES 4./K OHM 1/'tW 5~ f IXEU COMP 
RES 6.8K OHM l/4n lJt FIXED C.UMP 
RES 10~ OHM l/4" 10~ FIXEu CO~P 
RES 20K QHM l/4W 5, FIXED COMP 
RtS 4/~ uHM l/4n lut f IXEU CUHP 
RES 51K uHH l/4R 5t Fl~ED CUHP 
R[S j.JM OHM l/4W lui flXEO COMP 
RES 5.6M OHM l/4W lOi FIXED COMP 
RES 1£0 UHM l/2R lO: FIXED COMP 
RCS 47 UHM 2n 10' FIXED COMP 
2l5-21S21-I05uQ PC C.UNN SOLDER TYPE 
CONN £ POS. SHUNT .100 CTR 2236DE 
MPS 651£ SILICuN TRANSISTOK 
HPS b51H SILICUN TRANSISTOR 
IC 75150P 2 LINE DRIVER 
IC 75154 4 LINE REC 

l C N 

l!lStloU 
l 91160 

1911bU 
2084)LJ 
191160 
l 911ou 
206430 

191160 
191160 
l 9l1bJ 
191160 
l.1;06Ll 
208431) 
20!J43J 

21t.l.Ju 

l'JllblJ 
191 lbtJ 

l9116J 
191160 
19ll6iJ 
2084)0 

l 9116U 
l'HlbD 
19116U 
19116U 
191160 
I 911 bD 

lC_7412J RETRIGGER MONUSTAB.Lt...liYB _ 
IC 555 TIMER 

_l9116U 

IC 7414 HEX SCHMITT TRIGGER 
IC 7'tLS266 ~ 2 IN EXCL NOR GAIE 
IC /'tLSOO 't 2 IN POS ANU GATE 
IC 74LS74 2 U TYPL EUGE TRIG ff 
IC 74LS174 HEX 0 TYPE fllP FLUP 
IC 74L~l75 4 U TYPE EUGE TRIG f/f 
IC 74LS04 HEX INVi:RTER 
IC 74LS367 HEX bUS DRIVER 3 STATE 
IC 74S7 1t l u TYPL f F ti PRESET CLER 
IC. T45~6Ll 2 5 IN Pm NUk GATL 
I(, 14L 'l ll J 4 2 I N PUS ~lANLl GA TE 
1;: 7'tL502 4 2. lfj PU:) ~UK tiAH 
IL 74LS1.J J J l'J PUS NANLl vATl: 
I~ T4L52u l. 't IN P~S NANLl vAIE 

l 9 l l 6J 
191160 
1911 bD 

191160 
1<Jl160 
I 91 l t>J 
1o'.>8bu 
l 9 l 1.bl) 

i '111 t.. L) 

QUANTITY 
l'ER ASSY 

1.0000 
3.0JOO 
1.0000 
1.0000 
l. OuOO 
1.0000 
6.0000 

76.0000 
1.0000 
1.0000 
6.0000 
1.0000 
1. 0000 
1. OJOJ 
1. 0000 
3.0000 
b.OJOO 

n. 001.10 
1. 0000 

u.uooo 
1. 0000 
1. 0000 

lJ.0000 
8.000() 
4.ouoo 
1.0000 
1.0000 
1.0000 
2.0000 
2.0000 
4.0JOO 
1.0000 
1.0000 
1.0000 
6.0000 
j.0000 
2.0000 
1.0000 
1.0000 
2.0000 
5.0000 

11.0000 
1.0000 
1.0000 
3.0000 
1.0000 
1.0000 
1.-.1000 
l..OOOJ 
J.uooo 
1.0000 
2.0JO:J 

U/H L/J 

EAC. H O\JO lu 
EACH 
EACH 
EACH 
EACri 
EACH 
EACH 
EACH 
EACH 
EACH 
EACH OCOOl 
EACH 
EA<.H 
EACH 
EACH 
EACH 
EACH 
EACH 
tACH 
i:AC..H 
EACH 
EACH 
EACH 
EACH 
EACH 
EACH 
EACH 
EACH 
EACH OOvOl 
EACH 
EACH 
EACH 
EACH 
EACH 
EACH 
EAC.H 
EACH 
tACH 
EACH 
EACH 
EACH 
EACH 
EACH 
EACH 
EACH 
i:ACH 
EAC..H 
f;ACH 
EALH 
LALH 
El\LH 
lALH 



'lti )Jdl)-.\ ,) I ·~ I L l - L t v l l ii ( l l M A I t k I A l AS Uf i< UN UA I l - l l / J l /ti I l'.\GI:. 

Ai~tMJLY PA~I lllJ~dlk l0~-7763- ••• PHANICM *** ltuENO 
AS:.il"!JLY lJL)L.HIPflU'l ~'L.A TC.ll-1 l.f'J .'10Ttllk BU 1- P-PHANTU"I- 2- IJLM MSTER OHV CClUL- J- •-IAGGLU OUT Of- KlT-PKUU SI~-

l 
I 
l 
l 
l 
I 
l 
I 
l 
I 

l 
l 
l 
l 
l 
l 
l 
I 
I 
1 
l 
I 
l 
I 
I 
l 
I 
I 
l 
I 
I 
l 
l 
l 
l 

PO~ITIUN. IN LE~END 
~T~ULTU~E l l 3 

1 'l 
1111 
IN 
IN 
1:1 
IN 
IN 
IN 
11, 
l~ 
l'l ... . ' 
i'l 
tr~ 

IN 
IN 
I'; 
i 'J 
1 i 
I ~ < 

1:• 
IN 
l . ~ 
I r~ 
Ir-. 
p; 
~ <; 

I~­
l 'l 
l"I 
ltl 
ir• 
I 5 
f s 
I 5 
I<; 

I 5 
IN 
IN 
IN 

CllliPONENT 
PA._ T NUMtH R 

j lb-021 l­
Hb-0213-
37b-llll6-
.Ho-0226-
J 7b- ·H ltl-
J76- J23 l -
Jlb-U242-
.Ho-1J245-
376-J285-
H6-.)286-l 
Ht>-J.!8·l­
J7o-J2'd-
3 7u-J2'Jlt-
37o-029 f-
37!>-ll302-
Jfo-.J304-
J71J- JJ!J­
H!,-dJ23-
J n- JJl4-
.111:i-v'• 7o­
J76-0't 7 l-
316--JJOJ­
J'/6-'1'.Jll-
~ 16-·IOU-
J n--1014-
J JfJ-'hll 5-
JBll-1001-
:t49-0247-
451.-<'J95-45- -
'•'J2-.!o<i'J­
't6<!-U4l <J-
510- 7763-
6':>J-2120-
b5G-.2lb0-
65()-2£4U-
b5 l-0Jlu-
653-0ll03-
654-0l 04-
a!itt-ll92-
o54-l329-

DESCRIPTION l C N 

IC 74L5JL 4 l IN PUS OR GATE 191160 
IC 74LS51 2 2 W 2 IN AND OR INV GT 
IL 74LSl57 4 2-1 LINE DATA SELC MX 
IC 74LS139 2 2-4 LINE UECODE 19llbD 
I~ 74SJU 4 2 IN PUS NANJ GATE 
IL 74LSRu 4 2 lh lXCLUSIVE UN ~AIL 

IC T4L'.iitl<l 'J IH T UJ!J El/EN i'ARI TY GN 
IC 74L5U l 3 IN l'OS NOR GAll 
IC 74L~.!45 8 UUS TRA~S w/TR ST OUJP 191160 
IC 74L~JT4 11/SIG/~~I uNLV l9lloU 
IL 74l'.ll4'+ r~CJU,\L !11.Jf-/l!Nr JI< 3 LlJT l'J!loll 
IL 7~L5l)~ 4 2-l LI~~ JATA SLLC/Ml'X 19llt>ll 
IC 74LSl H J-d LlNl UtCl.JJtR/"'IPX 
IC 74L:>/4J ~CIAL RUf/llNE ~R/LN ~LC 191160 
IL 74LS2B :JCIAL lJ-TYPt F/F w/CLEAR 
IC 74L51 J JUAL J-K l!,\Sltr{ SLAVL f/f- l'lllbU 
IL 74L'.d7J i..Lfl. ll-fYP L.\fL.Hl:.. :>l.11JT 
IC T4:dl5 lb A 'j lH P•ILl\R Fifi; l'Jllt>Ll 
1 C l 't 11. ~ J J A J B lJ 5 •Ju Ff ti If R 1 SJ •\I f; l 'H 16 [) 
I(. lol~dl i./U•\Ll H1Gf1 SPEt.U UlF Ll'IE 
I~ 2t>L5J2 JUAO Hl~H SPLEU UIF LlNl 
IC 24 ~I~ SUC~LT UukNOY l0l!l7D 
I!. 4J Pl~I SuCll.U HJk~IUY # JIU.ll4'll'l l'JlloU 
IL l 't P 1 '•I :. Ill. 11. l I (.AM lJ I UN l '11 Lb U 
IC ltl Pl.~ SuCKET 
1c 2~ PIN snc11.u uuRrmv l<JL1i.u 
0035 SIL UILlOE 30V 1J0 ~A AT lV l&R l9Ll6U 
HANuLE,FACEl'LATE ilb815-ll3 i9llbU 
FAC~ PLJ -71bl & 776J- J06877-05Bb 19116U 
Slll 'E1~tk CAKJ C061J7T-07u6 llJlJ4U 
.iPC~ .115 li.J .l50 .JU .437L f lLIRE l0'1!l5 
PCll TL0-1 CPU MUTHER BD 
4-4u X J/d PAN HU PHL M~ SS SEMS 
4-40 X lit! PAN HO PHL MS SS SEMS 
4-4J X J/4 PA~ HD PHL MS SS SEMS 
sc~,#4Al/~ SELF IHR SL MNU HU l-25 
WASHLkt NU.4 NYLON 1/8 ID X 3/8 UD 
CONN HEAUER. J .100 lRU~ STR PIN 
TCRMINAL,SINGLl NlCK l'MP lOJ-w/0-17 
CLIP CUMPONtNT Bl0073-50u0 

19!lbl.J 
191160 
191160 
191160 
l'Jll6D 
l9116U 
l<ilL6D 
195920 

iJUANl ITV 
PER ASSY 

!l .0001) 
1.ooou 
1.0000 
2.ooou 
1.0000 
1.0000 
l. ouoo 
l.OOOU 
2 .oouo 
l.JOOO 
I • 0000 
j.OOJ'l 
l.DOOJ 
J.0000 
J.0000 
2.uJO'J 
l.UJJU 
l .1h)Ql) 

1.000LJ 
l. or, on 
l.OUO<J 
l.OOUlJ 
J.OJOO 
.!.UJOU 
l.JULJO 
l.LJOOO 
~.oooo 

2.0000 
I. UJOO 
l. OOOlJ 
3.0000 
l.UOO\l 
1.uooo 
s.uooo 
3.000J 
'• .oooo 
i;.oooo 
1.0000 
9.0000 
l.OOOJ 

U/M l/J 

EACli 
EAL.H 
EACH 
LACH 
EACH 
lACH 
EACli 
EACH 
l:ACH 
EACH 
EACH 
EACH 
ti\ CH 
EALH 
lAClt 
I: ACH 
E:ACH 
EAL.H 
El\CH 
tAL.11 
l:ACH 
EACH 
!:ALH 
EACH 
EAL.H 
b\Cll 
EACH 
EACH 
LALH 
EACH 
EAL.Ii 
EACH 
EACH 
EACH 
tACH 
EACH 
b\CH 
EACH 
EALlt 
EACfi 



1160080-A 5 1 N G L_ t.: :- L.~ V L L ~ l L L or M A T E R I A L AS UF RUN DATL! 10129/80 PAGE l 

ASSEMBLY PART NUHBER 210-7762-A - - LfGEND 
AS_SEMBLY DESCRIPTION PCA TCB-1. DA.TA LINK & H_EMORY 60 .. l: P=PHANTOH; 2: IHH MASTER OELY CODl; 3: •=TAGGE.O OUT OF KIHPROD STR> 

1 
1 

PO~ITION IN LEGEND 
STRUCTURE 1 2 3 

IN 
IN 

_ c; O_MP_O~(_N T _ 
PART NUHBER 

209-7762-
377-03'15-H - -

. _ . ClE:SCRJPT ION_ 

PCA TCB•l DATA LINK S. HE:HORY BO 
MK~ll6-N3 16K-l BIT QYNH RAH HOST[K 

[ C N QUANTITY 
D[R ASSY 

U/H LIT 

1.0000 EACH 00010 
36. U2 flO EAC'I 



S!Nr;Lt:-LEVEL 13 I L L UF 11 A 1 E R 1 A L AS UF kUN OATE- l~/31/Ul l'AGE 

4SSlMllLY PART NUMlltK 209-7162- •~• PHANTOM ••• LEGEND 
i\SSD\aLLDtS.f.&.lP.LµltL.t'..C.A..Jr.!l::-.J. .OAT.A LlNK f. H£MURY. 130 ·- _ .... .L::.J.=ettAl'illlM-:-2-:_Uf.M..HA!>JER DELY GODE.- J- •-:TAGGt:IJ OUT.Of KU-PROD SlR-

.P.!lSUIDN._.lN_ LE.G.ENO ___ r..aMP-DNE.NL ___ .. _ .. .UESC.RlPTlON. __ _ 
~fHUCTURE l Z 3 PART NUMBER 

·------- - -- _£ C. /'t. QUANT HY U/H. LIT 
PER ASSY 

1 _______ _LH__l.Oll-1022::_ _-:_ .-: _ . . 2.l PF CERAMIC. CAP _ _ _ ____ ---------- ____ _ 
l 
l 
l. 
l 
L 
l 
l 
L 
l 
L 
I 
l 
l 

IN· 300-1220- CAP 220 PF 1oi 500 V CERAMIC DISC 
IN 300-1270- CAP 270 PF LOi 500 V CERAMIC UISC 

·--- __ lN._.300=1190.,,__ -- - CAP 390 Pf- 10% 500 V CERAHIC. . ..DlSC. 
IN 300-1930- .1 UF 501/ +ao-20, CERAMIC CAP-HlfkQ 
IN 300-1944- CAP lOOPF zoi lOOV CERAMIC DISC 

... _--1:.5--10.Jl=..l.9.b.6=--=-· ~ C.AP • 04 / .Uf 50V+ 80-:""2.0.l ... CERAMlc_Jll.u 
FS 300-4000- CAP 1.0 ~f 35 V lOi TANT AXIAL 
FS 300-~002- CAP .1 UF 35 V toi TANT AXIAL 
f_.L __ ..3.00~4022- CAP 15. 0 UF 20 V l 0 l TANT _AXIAL 
IN 300-4021- CAP 2.2 UF 35 V 5i TANT AXIAL 
IN )J0-5012- CAP .0022UF 5i 500 V 11ICA OIPPEU 
IN .Jll-0044- - - CRYSTAL 3l.9488MHl .005:C 3RD_OVER.rn 
FS 330-1057- RES 56 OHH l/4W Si FIXED CUHP 
FS 330-1069- RES 68 OHM 1/4W Si FIXED COMP 
FS 330-109~- RES 91 OHM 1/411'1 5% FIXEU COMP 
rs 330-2011- kES 100 OHM 1/4" 5i FIXED LOMP 

l IS 330-2015- RES 150 OH~ l/4W 10% FIXEU COMP 
t f S 3.10-.2028- RES 270 UH~ l/4rl 5'J: FIXED COMP 
1 FS 330-2040- RES 3qo OHM l/4W 5~ FIXED COMP 
l IN 330-3011- RtS lK OHM l/4n 5% FIXED COMP 
l FS __ 330:-:3023-,_. - RES z.ZK OHM 1/411'1 5i FIXED COMP 
I fS 330-3048- RES 4.7K OHM l/4n 5% FIXED COMP 
l FS 330-4010- RtS lOK UHM 1/4W 10' FIXED CUHP 
l f·_S.. __ JJQ...,_40J.3...,. P.ES 33K OH/'1 l/4Lor lO:t FIXEO COHP _ 
l IN 375-lv03- T5TR 2N3640 0.2W SH PNP S 
l IN 316-0073- IC 7490 JlCADE COUNTER 
l .. _ JN ... _376-0022.-:-___ ::-~-- __ J.C. 7425 2 4 IN NOR GATE. /SI ROBE. __ _ 

PAT REL 
191930 
PATl{(L 
191930 

.19.1930 .. 
PAT REL 

PAT REL 
PATRE:L 

2158&U 
PA TR EL 

PATREL 

195560 
216220 
216230 
217140 

l IN 376-0104- IC 9602 2 METRIG RESET MUNOSTlll HVB PATREL 
l IN 376-0146- IC 75107 2 LINE RECEIVEK 
l .. ___ . ____ rn ___ _.jlfi.:-0153=----·-...,·- _ JC l4L.SOB 4 l l.N .. PO.S .ANILG.Al..E ______ . 
t IN 376-0155- IC 74LS74 2 U TYPE EDGE TRIG FF PAT REL 
1 IN 376-0159- IC 74LS174 HEX U TYPE fllP FLOP 
I. .lN .. _J76.~IH80- . _ . _.IC . 74LS04 HEX. INVERI ER. .. --- . __ _ 
l IN 376-0l•H- IC 74S04 HEX INVERTER 
l IN 376-0199- IC 74S02 4 Z IN PUS NOR GATE 

_l _____ -- - ____ __lH_ Ub-QLWl=.._ __ ::_=_-1!.. __ J.!tS.08_4_ 2....lli eos ANO GAIE 
1 IN 376-0202- IC 14574 2 D TYPE F f W PRESET CLER PATREL 
l IN 376-0205- IC 74S32 4 2 JN POS OR GATE 
1... _____________ .LN_.3_76.=Jll.07.:-: __ ".".- ___ IC 74LSOO 4 Z HtPCS.NAWLGAJ..E _______ PAJREL 
I IN 376-0206- IC 14LS02 4 2 IN POS NOR GATE 
l IN 376-020q- IC 74L510 3 3 IN PUS NANO GATE PATRtL 
l ___ _ _ . _. _____ -·-- _ _!~-- .ll.b::J>L.l l_-_ ..., _:- . __ .1 C 7_4 L 532 4 2 1N P OS OlLGAJ..f___ ___ .. 19 I. 9 JO 
l IN 376-0213- IC 74LS51 2 2 W 2 IN ANO OR INV GT 
l IN 376-0216- IC 74LS157 4 2-1 LINE DATA SELC MX PATREL 
l HL 376-0228- lC 74SOO 4 2 IN PUS NANO GATE 191930 
l IN 376-0233- IC 74LSlbl SY~ CTR JIRECT CLE:AR 
l 
l 
l 
I 
l 

IN 376-0235- IC 7451~; ~YN 4 lllT COUNTER 
_HL Hl.>-0237- II.. 14'.:>ll J 3 IN PUS l\NO GATE 
IN H6-02J8- IC 14SltJ ; 3 IN POS NANI) GATE 
IN 37D-024b- IC 7452!JJ 9 llIT'ULJJ l:VlN PARITY r;t:N 
IN 376-U24U- IL /4LS1J~ 4 blT PAK ACCES SHltT 

PA TR FL 

l.UOOO 
1.0000 
3.0000 
2.0000 

63.uOOO 
1.0000 

b7.0000 
4.0000 
1.0000 
4.0000 
4.0000 
1.0000 
1.0000 

26.0000 
3.0000 
l.OUOO 
3.0000 
1.0000 
1.0000 
J.0000 
3.0000 

22.0000 
2.0000 
2.0000 
l.0000 
1.0000 
1.0000 
l.0000 
1. 0000 
1.0000 
2.0000 
a.oooo 
1.0000 
2.0000 
1.0000 
2.0000 
l.0000 
640000 
l .ooon 
2.0000 
1. 0000 
1.0000 
4.DOOO 
1.0000 
2.ooc;.:: 
1.0000 
5.0000 
l.JOOO 
l.vuuo 
l.0000 
l.UlJO'l 
l.JOOu 

EACH 
EACH 
EACH 
EACH 
E:ACH 
EACH 
EACH 
EACH 00001 
EACH 00001 
EACH 00001 
EACH 
t:ACH 
t:ACH 
EACH 
EACH 
EACH 
EACl-t 
EACH 
EACH 
EACH 
EACH 
EACH 
l:ACH 
EACH 
EACH 
EACH 
EACH 
EACH 
EACH 
EACH 
EACH 
EACH 
EACH 
EACH 
EACH 
EACH 
EACH 
EACH 
EACH 
EACH 
EACH 
EACH 
EACH 
EACH 
EACH 
E.\CH 
tACH 
E:ACH 
lAl.H 
EACH 
UCH 
l:hC.H 



"4ti0,JSJ-A ~ l ~ G L ~ - L E V L l 11 I L L () f M A r t R I A L AS o~ kUN UATt:- 12/jl/81 

ASSF~lLY PAKT NJ~9~R lU9-l7hl- ••• PHANTOM ••• LEGEND 
_.i\SSL,lf6LY DESC.ri(Pl 1.1.'.j 1'(.A r~B-1 DATii LINK~ M[,.,OKY uo 1- P-PHAIHOM- l- IJlM MA!:dLR DlLY CODE- 3- •-JMiGEI) uUJ Of KU-PROO STR-

_ .i'USIIJON IN LLGEND 

_ _.l. 

l 
I 
l 
l 

l 
l 
l 
l 
l 
I 
1 

STRUCTU~c l 2 3 

lN 
IN 
IN 
J ~J 
Ill. 
I:~ 

JN 
IN 
I ·~ 
l\I 
l :i 
I~ 

IN 
(;J 
l'J 
l'J 
I~ 

l'J 

COHPONEl'.IT 
PART ~UMll[R 

J76-JZ5ti-
3 76-IU.7J-
37b-0278-
Ho-J.!85-
j 16-0l!lo­
:i 76-Ll293-
j 1 b-JL C;d-
376-u.iOJ'.. 
J 76-0310-
j 7o-O.i24-
j 76-,J33'+­
i 71:>-J 136-
j 7:;-'IJO.!.­
Jtlll-.! l 2'!-
5 l'J- H6L­
b~4-ll9t!.-

6'>1r-l l'1f-
67')-J~ ~4-

UlSCRlPTIUN 

lC 75LJ.3 .!. tHf LINE REC 3 SJAT.t. UuT 
lC 745175 4 0-TYPE f/f 
IC 74$161 4 BIT BINARY SYNC/CNTRS 
lC 74LS245 !l BUS TRANS W/TR ST OUTP 
IC 74LS374 8 LAlCHES w/TR ST OUTP 
IC 74LS158 4 2-1 L!Nt DATA SELC/MPX 
IL f4SlJ8 3 TO 6 LINE DECDuLR/MPX 
IC l4LS29'J SCllOTTll.Y 8 di T llNIV RES 
IC f'tLSJ13 OCTL lJ-TYP LATCHES SCHTT 
IC 14125 QUAO BUSdUFf W/TRl STATE 
I~ 745240 uClAL BUF/LINF JK/LN KL~ 
IC l'tSl~l LJATA SEL/Mu.ir. 
I!. lb I' ll'i SUCKE T BURNDY 
JLJ lfN IN4372A 3.ov 4ll0Mn ~ J0-7 
~cu TLU-1 UAJA Ll~K & MEMUkY BU 
TLRMl~Al,SINGLE NECK P~P lJ3-~/G-7l 
Cl.l~N tiLAJLH. 5 .1£? lHOr1 •JJJ l'IN 
UJHPlK,.640 UJ X.340 THK ~LK AU-UK 

E C N 

l9l93iJ 

PATl{[L 
i'ATRl.:L 

l9l'UJ 
lt>'>b4D 
ZlllollJ 

QUANJ ITV 
PER ASSY 

l.0000 
1.0000 
1. 0000 
1.0000 
2.0000 
5.'1000 
l.OilOO 
1.0000 
1. 0000 
2..000lJ 
3.0000 
l.OllOO 

J6.0000 
l.0000 
l.OJOO 

11. i.IJOO 
l.UllOu 
2..JOO:J 

U/M LIT 

EACH 
EACH 
EACH 
EACH 
[ACH 
t:AC.H 
EACH 
EACH 
EACH 
EACH 
EACtl 
£1\Cll 
EACfl 
EACH 
EACH 
EACH 
t:ACH 
E4~H 





APPENDIX C 

RS232/RS366 LOOPBACK CONNECTOR WIRING DIAGRAM 

ACU RS-366 

pin pin 

3 ------------------------ 14 

5------------------------- 15 
6------------------------- 16 

13------------------------ 17 
22------------------------ 2 

4-----1 

RS-232 

pin pin 

2------------------------- 3 

4------------------------- 5 
5------------------------- 8 
6------------------------- 20 
11------------------------ 15 
15------------------------ 17 

22----! 

RS232/RS366 LOOP BACK CONNECTOR (WLI# 420-1041) 

C-1 

VI.B.4M-2 





VI.B.4M-2 

APPENDIX D 

RS449 LOOPBACK CONNECTOR WIRING DIAGRAM 

l 1 
I 20 
2 I 
I 21-----------7 

3-------3 I 7 
3 I 6----22 I 7 Send Data 

Send Data 3 I 4----2 6 I 7 
3 I 2 6 23-----------7 SD Timing 

SD Timing 3-------5 2 6 I 7 
3 I 2 6----24 I 7 Receive Data 

Receive Data 3 I 6----2 I 7 
3 I 8----25 7 Request To Send 

Request To Send 3 I 7----4 8 I 7 
3 I 4 8 26-----------7 Receive Timing 

Receive Timing +---·----8 4 8 I 7 
3 I 4 +----27 I 7 Clear To Send 

Clear To Send 3 I 9----+ 8 I 7 
3 I 4 8 28 I 7 
3 I 10 4 8 I 7 
3 I 4 8 29----9 7 Data Mode 

Data Mode 3 5---11 4 8 I 9 7 
3 5 I 4 8 30----9 7 Terminal Ready 

Terminal Ready 3 5---12 4 8 I 7 
3 I 4 8----31 I 7 Receiver Ready 

Receiver Ready 3 I 13---4 I 7 
3 I 32 I 7 
3 I 14 I 7 
3 33 I 7 
3 15 I 7 
3 34 I 7 
3 16 I 7 
3 I 35---------7 Terminal Timing 

Terminal Timing 3------17 I 
I 36 
I 18 
I 37 JUMPER LOCATIONS 
I 19 Pin to Pin 

3 5 
4 6 
5 8 
7 9 

RS449 LOOP BACK CONNECTOR 8 17 
(WLill 270-3193) 9 13 

11 12 
21 23 
22 24 
23 26 
25 27 
26 35 
27 31 
29 30 

D-1 



-



PIN EIA 

AA 

2 BA 

3 BB 

4 CA 

5 CB 

6 cc 
7 AB 

8 CF 

9 

10 

11 SCA 

12 SCF 

13 SCB 

14 SBA 

15 DB 

16 SBB 

17 DD 

18 

--
APPENDIX E 

RS-232-C CONNECTOR PIN ASSIGNMENT 

CCITT SIGNAL DESCRIPTION 

101 Protective Ground 

103 Transmitted Data 

104 Received Data 

105 Request to Send 

106 Clear to Send 

107 Data Set Ready 

102 Signal Ground 

109 Received Line Signal Detector 

120 Secondary Request to Send 

122 Secondary Rec'd Line Sig. Det. 

121 Secondary Clear to Send 

118 Secondary Transmitted Data 

115 Receiver Signal Element Timing 

119 Secondary Received Data 

115 Receiver Signal Element Timing 

124 Select Frequency Groups 

19 SCA 120 Secondary Request to SEnd 

20 CD 108. 2 Data Terminal Ready 

21 CC: 110 Signal Quality Detector 

22 CE 125 Ring Indicator 

23 CH/CI 111/112 Data Signaling Rate Selector 

24 DA 113 Trans. Signal Element Timing 

25 Unassigned 

E-1 

SOURCE 

TC-Bl 

Modem 

TC-B1 

Modem 

Modem 

Modem 

TC-B1 

Modem 

Modem 
TC-B1 

Modem 

Modem 

Modem 

TC-B1 

TC-B1 

TC-81 

Modem 

VI.B.4M-2 

Modem 

TC-81/Modem 

TC-81 
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VI.8.4M-2 

APPENDIX F 

RS-449-C CONNECTOR PIN ASSIGNMENT 

PIN SIGNAL DESCRIPTION MNEM. SOURCE 

1 Shield 
2 Signal Rate Indicator SI Modem 
3 Terminal Timing TT TC-81 
4 Send Data SD TC-81 
5 Send Timing ST Modem 
6 Receive Data RD Modem 
7 Request to Sent RS TC-81 
8 Receive Timing RT Modem 
9 Clear to Send LS Modem 

10 Loe al Loop back LL 
11 Data Mode DM Modem 
12 Terminal Ready TR TC-81 
13 Receive Ready RR Modem 
14 Remote Loopback RL 
15 Incoming Call IC Modem 
16 Select Freq./Signal Rate Select. SF/SR 
17 Spare TT 
18 Test Mode 
19 Signal Ground SG 
20 Incoming Call IC Modem 
21 Terminal Timing TT TC-81 
22 Send Data SD TC-81 
23 Send Timing ST Modem 
24 Receive Data RD Modem 
25 Request to Send RS TC-81 
26 Receive Timing RT Modem 
27 Clear to Send cs Modem 
28 Terminal in Service IS 
29 Data Mode DM Modem 
30 Terminal Ready TR TC-81 
31 Receive Ready RR Modem 
32 Select Standby SS 
33 Signal Quality SQ 
34 New Signal NS 
35 Spare TT 
36 Standby Indicator 
37 Signal Ground SG 

F-1 



-

I 
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VI.B.4M-2 

APPENDIX G 

RS-366 CONNECTOR PIN ASSIGNMENT 

PIN EIA CC ITT SIGNAL DESCRIPTION SOURCE 

Frame Ground 

2 211 Digit Present TC-B1 

3 205 Abandon Call and Retry ACU 

4 202 Call Request TC-B1 

5 210 Present Next Digit ACU 

6 213 Power Indication ACU 

7 201 Signal Ground 

8 

9 

10 

11 

12 

13 204 Data Set Status ACU 

e 14 206 Digit Bit 0 (LSB) TC-B1 

15 207 Digit Bit 1 TC-B1 

16 208 Digit Bit 2 TC-81 

17 209 Digit Bit 0 (MSB) TC-81 

18 

19 

20 

21 

22 203 Data Line Occupied ACU 

23 

24 

25 

G-1 





APPENDIX H 

BELL MODEMS 

TELECOMMUNICATIONS SUPPORT 

H-1 

VI.B.4M-2 



VI.B.4M-2 

BELL MODEM 201 C 

TYPE Synchronous, half-duplex 

SPEED 2400 BPS PRIVATE LINE 

NETWORK For medium speed point-to-point PRIVATE LINE 

WANG SYSTEMS For Wang VS TC-B1 IOP. 

For Wang VS Remote Workstations 2246R 

For Wang Computers using the 2228B/OP62B, and 2228C/D 

For Wang Word Processors using TC-3, TC-WS, TC-B2, TC-8, TC-B1 

DECISION 

A 1. EIA Interface 
2. Contace Interface 

B 3. Alternate Voice 

4. W/O Alternate Voice 

C 5. With New Sync 
6. W/O New Sync 

D 7. 2-Wire 
8. 4-Wire 

E 9. 4-Wire Private Line 
(Continuous Carrier) 

10. 4-Wire Private Line 
(Carrier controlled 
by Request-to-Send 
or multiparty) 

STANDARD MODEM DECISIONS 

FOR COMPATIBILITY WITH 

WANG SYSTEMS COMMENTS 

A1 (Note 1) 

B3 Customers 
Choice 

C5 

D7 (Note 2) 

E9 

Note EIA is always used on Private Line with the 201C data ~et. 

Note 2 If Decision D7 - Decision E is not required 

H-2 
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VI.B.4M-2 

BELL MODEM 208A 

TYPE Synchronous, half-duplex 
SPEED 2400 BPS 
NETWORK For high speed PRIVATE line point-to-point or multi-point networks 
WANG SYSTEMS For Wang VS TC-B1 !OP. 

DECISION 

A 

B 

c 

D 

E 

F 

For Wang VS Hemote Workstations 2246R 
For Wang Computers using the 2228B/OP62B, and 2228C/D 
(multipoint operation with Burroughs emulation) 
For Wang Word Processors using TC-3, TC-WS, TC-B2, TC-B, 
TC-B1 (point-to-point operation only) 

STANDARD MODEM DECISIONS 
FOR COMPATIBILITY WITH 

WANG SYSTEMS 

1. transmitter internally timed A1 
2. transmitter externally timed 

3. continuous carrier B3 

4. switched carrier 

5. switched request to send 
6. continuous request to send C5 

1. one second holdover used 07 
8. one second holdover not. used 

9. new sync used 
10. new sync not used E10 

11 • data set ready lead on in F11 
analog loopback test 

12. data set ready lead off in 
analog loopback test 

COMMENTS 

Normal option 
for point to 
point 
connection. 
Use B4 if 
multipoint. 

If B4 was 
selected, C5 
must be 
***NOTE 1*** 
selected for 
proper 
operation 

**NOTE 1** For 2246R the modem on the remote side must have option C5. The 
modem on the CPU side must have option C6. 

H-3 
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BELL MODEM 103J 

TYPE Asynchronous, full-duplex 
SPEED Up to 300 BPS 
NETWORK For low speed, point-to-point SWITCHED networks 
WANG SYSTEMS For Wang Computers using 2227B/OP62, 222BB/OP62B, or 2228C 

For Wang Word Processors using TC-3, TC-WS. 

STANDARD MODEM DECISIONS 
FOR COMPATIBILITY WITH 

DECISION WANG SYSTEMS COMMENTS 

A 1 • Send space disconnect A1 
2. No Send space disconnect 

B 3. Receive Space Disconnect B3 
4. No Receive Space Disconnect 

c 5. Loss of Carrier Disconnect C5 
6. No Loss of Carrier Disconnect 

D 7. Fail Safe State of ON Circuit OFF D7 
B. Fail Safe State of ON Circuit ON 

E 9. Automatic Answer IN E9 
10. Automatic Answer OUT 

F 11. Factory Supplied EIA Interface F 11 
12. Customer Selected EIA Interface 

H-4 



VI.V.4M-2 
BELL MODEM 202S 

TYPE Asynchronous, half-duplex 
SPEED Up to 1200 BPS 
NETWORK For medium speed, point-to-point SWITCHED networks 
WANG SYSTEMS For Wang Computers using 2227B/OP62, 2228B/OP62B, or 2228C 

For Wang Word Processors using TC-3, TC-WS. 

DECISION 

A 

B 

c 

D 

E 

STANDARD MODEM DECISIONS 
FOR COMPATIBILITY WITH 

WANG SYSTEMS 

1. Local copy on primary channel 
2. No Local copy on primary channel 

3. Local copy on reverse channel 
4. No local copy on reverse channel 

5. Telco engineered timing options 
6. Customer engineered timing options 

7. DSR lead on in analog loopback test 
8. SDR lead off in analog loopback test 

9. Automatic answer in 
10. Automatic answer out 

11. Signal and frame ground connected 
12. Signal and frame ground not connected 

H-5 

A2 

B4 

C5 

D7 

E9 

F11 

COMMENTS 



VI.B .4M-2 

BELL MODEM 202T 

TYPE Asynchronous, half-duplex or full-duplex 
SPEED Up to 1800 BPS 
NETWORK For medium speed PRIVATE line, p~int-to-point or multi-point networks 
WANG SYSTEMS For 2236 Remote Terminal connection to 2200MVP with 2236MXD 

DECISION 

A 1 • 
2. 

B 3. 
4. 

c 5. 
6. 

D 1. 
8. 

E 9. 
10. 

F 11. 
12. 

(for point-to-point connections only) 
for Wang Computers using 2227B/OP62, 2228B/OP62B, or 2228C 
(multi-point pperatio~ only with BURROUGHS emulator) 
For Wang Word Processors using TC-3, TC-WS. 

STANDARD MODEM DECISIONS 
FOR COMPATIBILITY WITH 

WANG SYSTEMS COMMENTS 

Local copy on primary channel A1 See NOTE 
No Local copy on primary channel 

Local copy on reverse channel 
No local copy on reverse channel 84 

Telco engineered timing options C5 
Customer engineered timing options 

Telco engineered timing options 07 See NOTE 2 
Customer engineered timing options 

Reverse Channel installed 
Reverse Channel not installed E10 See NOTE 3 

Signal and frame ground connected F11 
Signal and f;··a::ne ground not connected 

NOTE 1 Option A1 & A2 does not apply when 4-wire required. 

NOTE 2 The following control options are provided by decision D7, and are 
recommended. 

Option 
Carrier Detector Reset 
Continuous Carri~r 
State of DSR in Analog 

Loop back 
Receive Data Clamp 

OUT 
IN 
OFF 

IN 

Designation 
ZM 
ZN 
YA 

F 

NOTE 3 Specify 4-wire for 2236 terminal. (This is a standard option) 

H-6 
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BELL MODEM 212A 

TYPE Asynchronous, full-duplex 
Synchronous, full-duplex 

SPEED 300/1200 BPS dual mode - Asynchronous operation 
1200 BPS - Synchronous/300 BPS Asynchronous operation 

NETWORK For low or medium speed, point-to-point SWITCHED networks 
WANG SYSTEMS For Wang VS TC-B1 IOP. 

DECISION 

A 

B 

c 

D 

E 

For Wang VS Remote Workstation 2246R 
For Wang Computers using 2227B/OP62, 2228B/OP62B, or 2228C 
For Wang Word Processors using TC-3, TC-WS, TC-B2, TC-B, TC-B1 

1. Factory supplied 
Disconnect options 

2. Customer selected 
Disconnect options 

3. Automatic answer - yes 
4. Automatic answer - no 

5. Factory supplied EIA 
Interface 

6. Customer selected EIA 
Interface 

7. Factory supplied dual 

8. For 1200 BPS synchronous 

9. Interface controlled make 
Busy/analog loop-in 

10. Interface controlled make 
Busy/analog loop-out 

STANDARD MODEM DECISIONS 
FOR COMPATIBILITY WITH 

WANG SYSTEMS 

A1 

B3 

C5 

07 

COMMENTS 

See NOTE 

This option 
will mode 
enable Dual 
300/1200ASYNC 
Mode 

Select DB and the mode below 
listed sub-options for dual 
mode 1200 synchronous and 
300 asynchronous operation. 

E10 

D8a2 
D8c1 
D8d2 
D8e1 

NOTE At 1200 BPS, the 212A is not compatible with Bell 202 
type modems. 

H-7 



--
VI. 8 .4M-2 

BELL MODEM 201C 

TYPE Synchronous, half-duplex 
SPEED 2400 BPS 
NETWORK For medium speed, point-to-point SWITCHED networks 
WANG SYSTEMS For Wang VS TC-B1 !OP. 

For Wang VS Remote Workstation 2246R 
For Wang Computers using 2227B/OP62, 2228B/OP62B, or 2228C 
For Wang Word Processors using TC-3, TC-WS, TC-B2, TC-B, TC-B1 

STANDARD MODEM DECISIONS 
FOR COMPATIBILITY WITH 

DECISION WANG SYSTEMS COMMENTS 

A 1 • Transmitter Timing Internal A1 
2. Transmitter Timing External 

B 3. Automatic Answer not provided 
4. Automatic Answer controlled by B4 

DTR only 

c 5. Ring indicator on EIA interface C5 
pin 22 

6. Ring indicator contact closure 
on pins 22 and 23 

D 1. Continuous receiver bit 
clock-in 

8. Continuous receiver bit DB Select 07 
if direct 
distance-
dialing 
oversatellite 
link, 
otherwise D8 

E 9. EIA interface pin 18 includes 
local analog loopback 

10. EIA interface pin 18 provides E10 
receive symbol clock 

F 11. Signal and frame ground connected F11 
12. Signal and frame ground not connected 
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BELL MODEM 208B 

TYPE Synchronous, half-duplex 
SPEED 4800 BPS 
NETWORK For high speed, point-to-point SWITCHED networks 
WANG SYSTEMS For Wang VS TC-B1 !OP. 

For Wang VS Remote Workstation 2246R 
For Wang Computers using 2227B/OP62, 2228B/OP62B, or 2228C 
For Wang Word Processors using TC-3, TC-WS, TC-B2, TC-B, TC-B1 

STANDARD MODEM DECISIONS 
FOR COMPATIBILITY WITH 

DECISION WANG SYSTEMS COMMEN'!'S 

A 1 • Transmitter Internally Timed A1 
2. Transmitter Externally Timed 

B 3. Without R01 Auto calling unit B3 Select B4 
if 
au to-calling 
is reqiured. 

4. With R01 Auto calling unit 

c 5. cc off when AL pressed 
6. cc on when AL pressed C6 

D 7. Without Automatic Answer 
8. With Automatic Answer DB 

E 9. Desk mounting E9 
10. Rack or cabinet mounting 

H-9 
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TYPE 
SPEED(S) 

NETWORK 

BELL MODEM 209A 

Synchronous, Binary Serial 
9600bps 

7200 - 2400bps --,--
4ROO - 4800bps I 

4800 - 2400 - 2400bps I 
2400 - 2400 - 2400 - 2400bps __ ! __ 

Point-to-Point 9600 Service 
Point-to-Point 9600 Multiplex Service 
Many Point Multiplexing Service 
One - to - Many Mutiplexing Service 

Mutliplex 
Combinations 

DDD Backup at a selectable speed of 9600 bps or 4800 bps 

WANG SYSTEMS For Wang VS TC-B1 IOP. 
For Wang VS Remote Workstation 2246R 
For Wang Computers using 2227B/OP62, 2228B/OP62B, or 2228C 
For Wang Word Processors using TC-3, TC-WS, TC-B2, TC-B, TC-B1 

STANDARD MODEM DECISIONS 
FOR COMPATIBILITY ~ITH 

DECISION WANG SYSTEMS COMMENTS 

A 1 • Transmitter Timing by Data Set A1 
2. Transmitter Timing by Data Terminal 

B 3. Data Set Read interface Load On in B3 
Analog Loopback Mode 

4. Data Set Ready interface Lead OFF in 
Analog Loopback Mode 

c 5. Transmit Timing Slaved to Receive C5 
Timing 

6. Transmit Timing Not Slaved to Receive 
Timing 

D 7, Elastic Stores IN 
8. Elastic Stores OUT D8 NOTE 

E 9. Continuous Carrier E9 (Decision 
required) 

10. Switched Carrier (Decision 
not 
required) 

F 11. Switched Request to Send F11 
12. Continuous Request to Send 

F 

F 

NOTE Elastic Stores should be IN for 209A (multiplexer) to Modem operation and 
OUT for 209A to Terminal operation. 
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BELL MOD EL 801A 

AUTOMATIC CALLING UNIT 

DATA SET - PRIVATE LINE - SERIES 800 

DECISON 

A 

B 

c 

D 

OPTION 

1. EIA Voltage Interface 
2. Contact Interface 

3. Call terminated through ACU 
after DSS on 

4. Call terminated through data 
set after DSS on 

5. ACR timer stopped after 
DSS on 

6. ACR timer not stopped after 
DSS on 

End-of-number signal from 
customer terminal 

8. No end-of-number signal from 
customer terminal(**See Note•*) 

SELECT DECISION 

A1 

B4 

C5 

07 

E 9. ACR answer-tone detection (801A6 only) 
10. Data set answer·-tone detection 

without EON signal (R01A5 only) 

NOTE: If D7 decision, no E decision is required. If D8 decision 
E decision is made. 

H-11 
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BELL MODEL 801C 

1\iJTOMATlC CALLING UNIT 

DATA SET - PRIVATE LINE - SERIES 800 

'. 1C:CISON 

A 

13 

c 

D 

E 

F 

OPTION 

1. 2-Wire 
2. 4-Wire 

3. Call terminated ACU 
4. Call terminated through data 

set after DSS on 

5. ACR timer stopped after 
DSS on 

6. ACR timer not stopped after 
DSS on 

Line transfer controlled by 
end-of-number signal from 
customer terminal (see Note 2) 

8. No end-of-number signal from 
customer terminal(see Note 2) 

9. Line transfer after ACU answer­
tone detection (R01C4 only) 

10. Data set answer-tone detection 
without EON 

11. Loop start (R01C4 only) 
12. Ground Start 

SELECT DECISION 

A1 

B4 

C5 

D7 

E10 

NOTE 1: If Decision D7, ACU option B must be installed in R01C3 or 801C4 
and Decision E is limited to 9. 

NOTE 2: If Decision is D8, then the choice must be made in Decision E 
between an 801C4 with option B or option E in 801C3 or 801C4 
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BELL MODEL 801C L1/2 

AUTOMATIC CALLING UNIT 

DATA SET - PRIVATE LINE - SERIES 800 

DECISON 

A 
(See Note 1) 

B 

c 

D 

(see Note 2) 

OPTION 

1 • 

2. 

3. 
4. 

5. 

6. 

7. 
8. 

Signal ground connected 
to frame ground 
Signal ground NOT connected 
to frame ground 

Ca 11 terminated through ACU 
Call terminated through data 
set after DSS ON 

ACR timer stopped after 
DSS on 
ACR timer NOT stopped after 
DSS ON 

Longest ACR timing interval 
ACR timing interval specified by 
customer 

SELECT DECISION 

A1 

84 

C5 

Note 1: If second dial tone detection is required option A2 must be 
selected and TELCO option 12 (Loop start) must be selected. 
Grounding option of the data set and ACU must be the same. 

Note 2: The longest ACR time available is 40 seconds or greater 

The customer specified ACR times are: 

1. 7 seconds 
2. 14 to 15 seconds 
3. 25 to 28 seconds 

H-13 

VI.B.4M-2 





• 

VI.B.4M-2 

APPENDIX I 

ENGINEERING CHANGE ORDERS 

E.c.o. No. Description 

19783* Serial IOP 22V17/22V27 Hardware Upgrade 

21705* Serial !OP 22V17 PROMS Upgrade 

21757* Serial !OP 22V27 PROMS Upgrade 

22104** Data Link & Memory Board (210-7762) 

22166*** TCP (6554) Regulator Board (210-7760 

OIS Operating System Upgrade to 6.3 

*E.c.o. must be implemented to support Remote Wangnet 

~*E.C.O. is implemented only if board is found defective and returned for 
repair 

***E.C.O. is implemented only if more than one TC-B1 is installed in the TCP 

I-1 
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APPENDIX A 

SCHEMATIC DRAWINGS 

VS-TCP Mother Board 
TCP Regulator 
TC-B1 Light Board 
TC-B1 CPU Motherboard 
TC-B1 Data Link & Memory PCB 

A-1 

_,_._. ___ -

210-7761 
210-7760 
210-7865 
210-7763 
210-7762 
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International 
Rapraaantativaa 

Argentina 
Bahamas 
Bahrain 
Bolivia 
Botswana 
Brazil 
Canary Islands 
Chile 
Colombia 
Costa Rica 
Cyprus 
Denmark 
Dominican Republic 
Ecuador 
Egypt 
El Salvador 
Finland 
Ghana 
Greece 
Guam 
Guatemala 
Haiti 
Honduras 
Iceland 
India 
Indonesia 
Ireland 
Israel 
Italy 
Ivory Coast 
Japan 
Jordan 
Kenya 
Korea 
Kuwait 
Lebanon. 
Liberia 
Malaysia 
Malta 
Mexico 
Morocco 
New Guinea 
Nicaragua 
Nigeria 
Norway 
Paraguay 
Peru 
Philippines 
Portugal 
Qatar 
Saudi Arabia 
Scotland 
Senegal 
South Africa 
Spain 
Sri Lenka 
Sudan 
Tasmania 
Thailand 
Turkey 
United Arab Emirates 
Uruguay 
Venezuela 
Zimbabwe 

United States 

Alabama Florida Iowa 
Birmingham Coral Gables Ankeny 
Mobile Hialeah Kansas 
Alaska Hollywood Overland Park 
Anchorage Jacksonville Wichita 
Juneau Miami Kentucky 
Arizona Orlando Louisville 
Phoenix Sarasota Louisiana 

Tampa Tucson Baton Rouge 
California Georgia Metalrie 
Anaheim Atlanta Maine 
Burlingame Savannah Portland 
Culver City Hawaii Maryland 
Emeryville Honolulu Baltimore 
Fountain Valley Maui Bethesda 
Fresno 

Idaho Gaithersburg 
Los Angeles 

Boise Rockville 
Sacramento Massachusetts 
San Diego Illinois Boston 
San Francisco Arlington Heights Burlington 
Santa Clara Chicago Chelmsford 
Ventura Morton Lawrence 
Colorado Oakbrook Littleton 
Englewood Park Ridge Lowell 
Connecticut Rock Island Methuen 
New Haven Rosemont Tewksbury 
Stamford Springfield Worcester 
Wethersfield Indiana Michigan 
District of Fort Wayne Grand Rapids 
Columbia Indianapolis Kalamazoo 
Washington South Bend Lansing 

International Offices 
Australia Victoria, B.C. 
Wang Computer Pty .. Ltd. Winnipeg, Manitoba 
Adelaide, S.A. 

China Brisbane. Qld. 
Canberra. A.C.T. Wang Industrial Co .. Ltd. 

Perth. W.A. Taipei 

South Melbourne. Vic 3 Wang Laboratories, Ltd. 
Sydney,NSW Taipei 

Austria France 
Wang Gesellschaft, m.b.H. Wang France S.A.R.L. 
Vienna Paris 
Belgium Bordeaux 
Wang Europe, S.A. Lille 
Brussels Lyon 
Erpe-Mere Marseilles 

Canada Nantes 

Wang Canada Ltd. Ni-.e 

Burlington, Ontario Rouen 

Burnaby, B.C. Strasbourg 

Calgary, Alberta Great Britain 
Don Mills. Ontario Wang IU.K.I Ltd. 
Edmonton, Alberta Richmond 
Halifax, Nova Scotia Birmingham 
Hamilton. Ontario London 
Montreal, Quebec Manchester 
Ottawa, Ontario Hong Kong 
Quebec City, Quebec Wang Pacific Ltd. 
Toronto, Ontario Hong Kong 

Southfield Syossett South Carolina 
Minnesota Syracuse Charleston 
Eden Prairie Tonawanda Columbia 
Minneapolis North Carolina Tennessee 

Ml11i11lppi Charlotte Chattanooga 

Jackson Greensboro Knoxville 

Missouri Raleigh Memphis 

Ohio 
Nashville 

Creve Coeur Texas 
St. Louis Akron Austin 

Cincinnati Dallas Nebraska Cleveland 
Omaha Independence 

El Paso 
Houston Nevada Toledo San Antonio Las Vegas Worthington 
Utah New Hampshire Oklahoma Salt Lake City Manchester Oklahoma City Virginia 

New Jersey Tulsa Newport News 
Bloomfield Oregon Norfolk 
Clifton Eugene Richmond 
Edison Portland Rosslyn 
Mountainside Salem Springfield 
Toms River Pennsylvania Washington 
New Mexico Allentown Richland 
Albuquerque Erie Seattle 
Santa Fe Harrisburg Spokane 
New York Philadelphia Wisconsin 
Albany Pittsburgh Appleton 
Jericho State College Brookfield 
Lake Success Wayne Green Bay 
New York City Rhode Island Madison 
Rochester Providence Wauwatosa 

Japan Malmo 
Wang Computer Ltd. Switzerland 
Tokyn Wang A.G. 
Netherlands Zurich 
Wang Nederland B.V. Basel 
IJsselstein Bern 
Groningen Geneva 

Lausanne 
New Zealand St. Gallen 
Wang Computer Ltd. 
Auckland Wang Trading A.G. 

Christchurch Zug 

Wellington West Germany 
Wang Deutschland, Panama 
GmbH Wang de Panama 
Frankfurt 

ICPEC)S.A. 
Berlin Panama City 
Cologne 

Puerto Rico Diisseldorf 
Wang Computadoras, Inc. Essen 
HatoRey Frelburg 

Singapore Hamburg 

Wang Computer IPtel Ltd. Hannover 

Singapore Kassel 
Mannheim 

Sweden Munich 
Wang Skandlnaviska AB Niirnberg 
Stockholm Saarbriicken 
Gothenburg Stuttgart 
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