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WARNING PAGE 
 
 

HIGH VOLTAGE!! - When this symbol appears it implies that that the forthcoming                                                          
operation will require the technician to take special safety steps around an  
exposed electrical circuit.   

 
 
STATIC DEVICE - This symbol implies the procedure should be performed in a static 
safe workstation. 
 

 
GENERAL CAUTION NOTE - This symbol implies that there is a general point of 
interest. In some cases it may be for operator or product safety. 
 

 
 
 
 
 
General precautions: 
 
• Keep away from live circuits.  Operating and maintenance personnel 

must, at all times, observe all safety regulations pertaining to 
electronic equipment. 

        
• To prevent damage, caution must be exercised when removing or 

inserting printed circuit boards (PCBs).  
 
• The TGR PCBs contain components sensitive to electrostatic 

discharge  (ESD).  Approved ESD prevention techniques must be used when 
working on or handling PCBs.   ESD-sensitive components are usually 
labeled, as shown to the right: 

       
• Avoid the use of flammable or toxic cleaning fluids such as carbon 

tetrachloride.  
 
• Use care when soldering.  Avoid breathing the fumes from 

soldering, use proper eye protection, and be sure the area is well ventilated. 
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WARRANTY 
 
 
With the exception of the printhead, EPC Labs, Inc. warrants the GSP-1086 
thermal gray scale printer to be free of any defects and in good working order for 
a period of one year from date of delivery.  The printhead is warranted for a 
period of 90 days after delivery.  In the event of failure of any part(s) due to 
defect in material or workmanship occurring within the warranty period, EPC will 
repair or replace the product at no charge for parts and labor performed at a 
company designated repair facility. 

 
EPC will not be obligated to, or liable for, repair or replacement of the product 
due to the misuse, abuse, misapplication, or the modification of the product 
without prior written consent from EPC Labs.  This includes the use of 
unauthorized recording medium (thermal film and/or paper) which may cause 
irreparable damage to the printhead as well as the entire recorder.  In addition, 
EPC will not be liable for damages, lost revenue, lost wages, lost savings, or any 
other consequential or incidental damages arising from same. 
 
The user of this product will be responsible for packing and shipping the failed 
product properly, and for the 
shipping charges associated 
with the return of the product to 
an EPC repair facility.  EPC 
will be responsible for returning 
the product to the place of 
origin, and all associated 
costs. 
 
 
EPC LABORATORIES, INC. 
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MODEL 1086-500 SPECIFICATIONS 
 
PHYSICAL DESCRIPTION 
 

Dimensions  17.6"W x 19.3"H x 6.7"D. 

Weight 50lbs. 

Media 
Heat sensitive thermal paper or high grade plastic film - 
23dB Dynamic range. 

Paper Length 150 feet / 45.72 meters. 

Film Length 130 feet / 39.62 meters. 

Temperature 0ο to 65οC - Operating,   -28ο to 65οC - Storage. 

 
HARDWARE SPECIFICATIONS 
 

HARDWARE  

Host Processor 486DX2 / 66MHz, Minimum. 

CPU Bus 16 bit industry standard architecture (ISA). 

Control Panel Sealed membrane type, software defined. 

Displays Twin 2x40 LCD displays with LED back lights. 

POWER  

Power Supply 
Logic = 65 Watts, Printhead = 200 Watt, Auto-ranging                        
100-120VAC and 200-240VAC, 47-63Hz. 

Power Consumption 80 Watts non-printing.  130 Watts peak. 

PRINTING  

Gray Levels  Selectable: 8, 16, 32, 64 levels. 

Printhead 2048 pixels @ 203 DPI. 

Maximum Line Speeds 
(approx.) 

@8 Shades: 15ms               @16 Shades: 18ms                                     
@32 Shades: 26ms             @64 Shades: 43ms 

Chart Speeds Fixed 75, 80, 100, 120, 150, 200, 240, 300 LPI. 

Chart Speeds Variable 1.6kHz max clock, BNC input.  1/1200th inch per clock. 
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ANALOG INTERFACE  

Dual Signal Input 
0V to 10V SIGNAL BNC inputs.  2K ohm Input 
Impedance. 

External Trigger Input TTL EXT TRIG BNC input with slope sense. 

Internal Key Output 
TTL KEY OUT BNC with polarity selection.              
156us pulse width. 

Gain, Threshold, Polarity 
Independently controlled for each channel.                      
Min input signal 500 mV.  

Time Varied Gain Selects one of 255 logarithmic gain curves. 

Band Pass Filtering 

HIGH Pass: 83Hz, 100Hz, 166Hz, 200Hz, 250Hz, 333Hz,       
500Hz and 1.0kHz 
LOW Pass: 1.0kHz, 1.2kHz, 2.0kHz, 2.4kHz, 3.0kHz, 4.0kHz, 
6.0kHz and 12.0kHz 

Scan .005 to 10secs, 1ms resolution. 

Key .010 to 10secs, 1ms resolution. 

Delay 0.000 to 8secs, 1ms resolution. 

PARALLEL 
INTERFACE  

Interconnect 25 Pin Sub D, Metal shell. 

Data Input 8 Bit Centronics Compatible, 2048 bytes per raster line. 

Handshake 

Low Active host /STB on Pin 1.                                                             
Low Active printer /ACK on Pin 10.                                                       
High Active printer BUSY on Pin 11.                                                    
Busy cycles on end of line (2048 bytes).                                                      
/ACK cycles on every /STB.                                                

Burst Rate Bandwidth Over 250kHz. 

Sustained Bandwidth Based on gray levels. 

COMMAND 
INTERFACE  

QWERTY Keyboard Jack for commands and annotation. 

9 Pin Sub D, RS-232 For commands and GPS. 
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MENU SETTINGS 
 

LEFT DISPLAY SETTINGS  

First menu Row  

TIME Set / view system time. 24 Hour Clock. 

DATE Set / view system date. 01/01/99 format. 

SAVE TO CONFIG 1 to 4 Selects config file to be loaded. 

SETTINGS CONFIG 1 to 4 Selects config file to be saved. 

Second menu Row 

TRIGGER EXTERNAL / INTERNAL Designates trigger mode. 

TRG SLOPE RISING / FALLING Edge to trigger on (external). 

KEY OUT POSITIVE / NEGATIVE Polarity of key out pulse. 

STACKING OFF, 2, 3, 4, 5 # of lines to average. 

Third menu Row  

SHADES 008, 016, 032, 064 # of gray levels. 

MEDIA FILM / PAPER Type of print media. 

SCL LINES OFF, 5, 10, 20 Equally spaced grid lines.  

FIX # 0 to 32766 Fix # counter. 

Fourth Menu Row 

DATA INPUT STANDBY, RS-232,  
PARALLEL, ANALOG 

Selects Data interface. 

BAUD RATE 
1200, 2400, 4800, 9600, 
19200, 38400, 57600, 
115200 

Selects baud rate of Serial Port. 

SWEEP A FORWARD / REVERSE Selects sweep direction for Ch A. 

SWEEP B FORWARD / REVERSE Selects sweep direction for Ch B. 

   

RIGHT DISPLAY SETTINGS  

First Menu Row  

CONTRAST -30% to 40% % of nominal print intensity. 

LPI 
75, 80, 100, 120, 150, 
200, 240, 300, 
EXTERNAL 

Selects number of lines per inch 
to print. 

EVENT SOLID, DASHED, TICK, 
MESSAGE 

Determines action when event is 
triggered. 

WIDTH 2048 Display width in pixels, fixed. 
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Second Menu Row 

BP FILTERS OFF / ON Activates Band Pass Filter. 

LOW PASS 
3.0kHz, 6.0kHz, 2.0kHz 
1.2kHz, 2.4kHz, 4.0kHz 
1.0kHz, 12.0kHz 

Selects low pass frequency. 

HIGH PASS 
250Hz, 500Hz, 166Hz, 
100Hz, 200Hz, 333Hz, 
83Hz,    1.0kHz 

Selects high pass frequency. 

TVG OFF, 1 to255 
Selects 1 of  255 logarithmic 
curves. 

Third Menu Row 

SIGNAL SINGLE / DUAL 
Selects between single channel 
and side scan mode. 

KEY RATE 00.010 to 10.000 
Time between key out pulses in 
seconds (internal trigger only). 

SCAN RATE 00.005 to 10.000 Sweep speed in seconds. 

DELAY 00.000 to 08.000 
Amount of time to delay printing of 
sweep in seconds. 

Fourth Menu Row 

AUTO-EVENT OFF, 1 to 32766 
Determines how many lines to 
print before initiating selected 
EVENT. 

AUTOMESG OFF, 1 to 32766 
Determines how many lines to 
print before printing selected 
MESSAGE. 

DATA TYPE 3 to 8 BIT 
Sets word length of incoming 
digital data. 

REPEAT LN 1 to 5 LINES 
Number of times to repeat each 
line. 

Fifth Menu Row 

MESSAGE 

TIME, DATE, SETTINGS, 
GPS $GPGGA, FIX #, 
USER 1, USER 2, 
USER 3 

Selects which message to print. 

MARGIN 0.00 > 10.00 Annotation margin in inches. 

CHAR SIZE 1 > 5 Font size of annotated characters. 

BACKGROUND WHITE / DATA Background behind annotation. 
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Pin Out of Centronics 25-Pin ‘D’ Connector 
 

Pin # Signal 
 

Description 

   

1 /STROBE Terminated by a 500Ω resistor to +5V. 

2 D0 Terminated by a 10kΩ resistor to +5V.  
 

3 D1 Terminated by a 10kΩ resistor to +5V.  
 

4 D2 Terminated by a 10kΩ resistor to +5V.  
 

5 D3 Terminated by a 10kΩ resistor to +5V. 
  

6 D4 Terminated by a 10kΩ resistor to +5V.  
 

7 D5 Terminated by a 10kΩ resistor to +5V.  
 

8 
 

D6 Terminated by a 10kΩ resistor to +5V.  
 

9 D7 Terminated by a 10kΩ resistor to +5V.  
 

10 /ACK Terminated by a 1kΩ resistor to +5V. 

11 BUSY Terminated by a 1kΩ resistor to +5V. 
 

12 PAPER 
 

Terminated by a 1kΩ resistor to +5V. 

13 SELECT Terminated by a 1kΩ resistor to +5V. 
 

14 /AUTO LF Not terminated. 

15 /ERROR Terminated by a 1kΩ resistor to +5V. 
 

16 /INIT Terminated by a 1kΩ resistor to +5V. 

     17 /SELECT IN Not Terminated. 
 

18 - 25 GROUND 
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Pin Out of RS-232 9-Pin ‘D’ Connector: 
 
 

Pin # Signal 
 

Description 

   

1 DCD Data Carrier Detect. 

2  RX Receive Data. 
 

3 TX Transmit Data. 
 

4 DTR Data Terminal Ready. 
 

5 GND Signal Ground. 

6 DSR Data Set Ready. 

7 RTS  Request To Send. 
 

8 
 

CTS Clear To Send. 
 

9 RI Ring Indicator. 
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CHAPTER ONE - GETTING STARTED 
 
 
1.0  GENERAL: 
 
This is the EPC Model GSP-1086 Thermal Graphic Recorder, or TGR for short.  
The 1086 has become an industry-standard paper recorder for analog and digital 
sonar data – interfaced to virtually every major acquisition system in the 
oceanographic community. The recorder is simple to use.  This manual covers 
the latest series of 1086 recorders, the “500” series.  The 500 Series 
incorporates exciting new features like Bandpass Filtering and Time Varied Gain.  
Data throughput, system diagnostics, and reliability have also been improved 
from previous 1086 recorders.  Please take a few moments to read through this 
section.  If you have used analog and/or digital gray scale recorders in the past, 
there is enough information here to get started on a typical application. 
 
1.1  CONTROLS AND FEATURES: 
 
All functions of the 1086 recorder are implemented by any of three input 
methods: 
 
• The Control Panel (sometimes referred to as the User Interface) 
• The Keyboard Interface 
• The RS-232 Command Interface 
 
1.1.1  CONTROL PANEL:   
 
The Control Panel on the 1086 is 
comprised of two Liquid Crystal Displays   
(LCDs) and a series of membrane switches or “soft keys”.    The majority of the 
switches are positioned around the LCD displays such that the function that is 
visible on an LCD can be changed by pressing the switch nearest to it (left/right).  
The arrow keys to the left of each display scroll the entire menu to the next group 
of functions (up/down).  Each LCD displays four functions at a time.  The left LCD 
has a total of four function groups, the right LCD has five.  Items that are likely to 
be changed frequently (CONTRAST, SCAN RATE, etc.) are located on the right 
LCD.  There is also a row of fixed functions silk-screened on the buttons along 
the top edge of the panel.  The functions of these keys are self-explanatory.  
Some of the buttons are used, and some of them are reserved for later use.  It is 
not necessary to have a function visible on a LCD to modify its setting.  The 
setting can be changed at any time by one of the other input methods. 
 
1.1.2 KEYBOARD INTERFACE:  
 
EPC Labs has some advice.  Learn the command set and use the keyboard 
interface.  This method of changing functions is much easier and less intrusive to 
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data collection than using the Control Panel.   Keystrokes from the QWERTY 
compatible keyboard are buffered via an interrupt driven process to the 
microprocessor.  While the keystrokes are being buffered, data collection 
continues normally.  When the [ENTER] key is pressed to terminate and send the 
command, the function is implemented with minimal effect on printing.  The 
Control Panel is read by a process called polling -- which is much less efficient 
than the interrupt service routine.  When you hold a panel switch down, the 
processor dedicates itself to just that function and all printing stops (until the 
switch is released).  This is particularly problematic when changing analog scales 
– you may need to scroll from 125 ms to 250 ms which will take a few seconds.  
The easier method would be to type in the following 
command: 
 

SCN 0.250 [ENTER] 
 
While you are typing, the characters will appear on the left LCD.  If you make a 
mistake, just hit the [ENTER] key and start over.  After correctly entering the 
string and pressing the [ENTER] key, you may hear a very slight hesitation, this 
is normal.  All recorder functions can be implemented in this manner.  Make sure 
there is at least one space between the Mnemonic and the Argument. The 
general format is as follows: 
 

Mnemonic  Argument [ENTER] 
 
“Mneomic” is a three-letter function identifier (SCAN RATE in the previous 
example) and ”Argument” is the new setting.  The entire command set can be 
found in Appendix A. 
 
1.1.3 RS-232 COMMAND INTERFACE: 
 
The entire command set can also be implemented over the 1086’s 
Serial Interface.  The Serial Interface is of the RS-232 variety and 
can be driven using a three wire, null-modem cable connected to a 
PC or other serial equipment.  On a standard 9-Pin to 9-Pin system, 
the cable should connect Pin 5 to Pin 5 (ground), Pin 3 to Pin 2  
(Rx to Tx), and Pin 2 to Pin 3 (Tx to Rx).  Make sure the BAUD RATE on the two 
systems match (115200 for best performance).  BAUD RATE on the 1086 can be 
set from the left LCD on the Control Panel. 
 
Commands are sent in identical fashion to the Keyboard.  The three-letter 
identifier and any subsequent argument strings are separated by a single blank 
space (20 Hex, 32 Decimal, ‘ ‘ ASCII).  The last argument is immediately 
terminated by a Carriage Return / Line Feed pair of characters (0D/0A Hex, 
13/10 Decimal, <CR/LF> ASCII).  For example, to print an alphanumeric 
message on top of some data that is being printed, you could write the following 
character string to your computers COM Port: 
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MES HELLO WORLD, THIS IS A TEXT STRING<CR/LF> 

 
The string “HELLO WORLD, THIS IS A TEXT STRING” would then print out on 
the record, complete with spaces, commas, and all other printable characters. 
 
1.1.4 ANALOG DATA: 
 
The Analog Interface is discussed in greater detail in chapter 3.  If you 
are not familiar with analog concepts, you should study that chapter.   
 
The 1086 is capable of scanning in analog data and presenting it in 
a variable scale from five milliseconds to ten seconds with one millisecond 
resolution. Each scan cycle is started by an Internal or External synchronization 
pulse.  This Key Pulse must be TTL in nature (positive or negative going).  In 
Internal Trigger mode, the period of the Key Pulse is determined by the setting of 
KEY RATE on the right LCD.  An independent Delay function is implemented in a 
similar manner to offset the start of the sweep from the initial Key Pulse (Time 
Zero or T0).  Clearly labeled controls on the Interface Panel of the unit control the 
Gain (Amplitude), Threshold (DC Offset), and Polarity (Gates A/C components of 
signal) of the incoming signal.  Presentation is Single Channel (A Channel = 
100% of record width) or Dual Channel (A and B are 50/50%) with independent 
Sweep Direction controls.  The time bases (Scan, Key, and Delay) are common 
to both channels.  New features on the 500 series also provide signal filtering, 
time varied gain (TVG) and stacking. 
 
1.1.5 DIGITAL DATA: 
 
Like the Analog Interface, the 1086’s digital concepts are presented more 
comprehensively in chapter 3.  This paragraph is for those who have 
strong computer knowledge. 
 
Digital Data can be sent from a Host source to the printer (Target) as a 
stream of binary values, using a straight through 1 to 1 cable.  Each byte 
of data sent corresponds to a pixel on the printhead – there are no 
headers, escape sequences, terminators, or synch bytes. A stream of 
2048 bytes must be sent for each line.  A byte value of 0x00 corresponds 
to a white dot, The DATA TYPE function on the Control Panel determines 
what value is used for a black dot.  By setting DATA TYPE to 8 BIT, the 
input range is selected from 0 to 255 (0xFF). 
 
In this case, sending 2048 bytes all of the value 0x7F (127d) would cause 
a single solid line to be printed with an intensity of 50% of full scale (mid-
level gray).  
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The data can be sent over a Centronics compatible 8-Bit connection or over a 
null modem RS-232 connection, as discussed in paragraph 1.1.3.  To select one 
or the other, simply choose “PARALLEL” or “RS-232” from the DATA INPUT 
function on the Control Panel.  If you choose RS-232, you will not be able to 
simultaneously send commands and image data, only image data. 
 
Here is a program, written in C, for generating a gray scale ramp over the 
Parallel Interface on a standard PC: 
 
 
//---------------------------- headers ------------------------------------------------------- 
#include  <dos.h> 
#include <bios.h> 
#include <stdio.h> 
//--------------------------- prototypes ---------------------------------------------------- 
void main(void); 
void send_byte(unsigned char b); 
//--------------------------- globals --------------------------------------------------------- 
unsigned char pbuff[2048]; 
//-------------------------- code ------------------------------------------------------------- 
void main(void) 
{ 
   int ctr, shd=0; 
   
   for(ctr=0; ctr<2048; ctr++){ 
          pbuff[ctr]=shd; 
          if((++shd) >255)  
              shd=0; 
   }  
   while(!kbhit()){ 
    
        for(ctr=0; ctr<2048; ctr++) 
                  send_byte(pbuff[ctr]); 
   } 
   return; 
} 
//----------------------------------------------------------------------------------------------------- 
void send_byte(unsigned char b)            // heart and soul of parallel print driver 
{ 
    outp(0x378, b);    // put data byte on DATA PORT 
    while(!(inp(0x379)&0x80));  // loop on BUSY signal until clear 
    outp(0x37A, 0x0D);   // drive strobe line low active 
    outp(0x37A, 0x0C);    // return strobe line idle high 
    return; 
} 
//----------------------- end of program ----------------------------------------------------------- 
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With the exception of the BIOS call on kbhit(), this program is very efficient and 
fast.  You can use the send_byte() logic in your own code – be sure the port 
addresses are accurate.  The example is for a generic PC.  EPC does not 
recommend using the Serial Port for sending image data.  Not only do you lose 
the ability to send serial commands (like navigation messages), the transmission 
tends to be rather slow.  At the fastest speed of 115000 Baud, the throughput is 
only about five lines per second.  A properly written parallel printer driver can 
achieve line rates of over 60 lines per second. 
 
1.2  A SAMPLE SESSION: 
 
The following paragraphs provide the simple sequence of events required to print 
data. 
 
1.2.1 TGR PREPARTION: 
 
Situate the recorder on a clean, stable platform and connect to a 100 –120 VAC 
or 200 - 240 VAC power source.  Make interface connections by either 
connecting the appropriate analog BNC cables or a parallel 25 Pin one to one 
cable from computer to recorder.  Make sure the host system is not 
attempting to send data. 
 
1.2.2 LOAD PAPER: 
 
Load only EPC qualified paper.  First, open the Print Roller Assembly by sliding 
the Side Latches to the right and then lifting the two black handles away from the 
Printhead.   The latches are normally locked in place by two silver colored 
plungers – one is located just above the CHANNEL A GAIN control, the other is 
just below the second set of arrow keys on the left LCD (fig 1-1).  Pull the two 
plungers straight out to slide the Side Latches to the right.  Once the Print Roller 
Assembly is pivoted open, you will see the paper feed area (fig 1-2).  Snap the 
roll of media (paper or film) into to two blocks on either side of the chamber.  The 
paper should feed such that the outside surface of the paper rests against the 
Printhead (fig 1-3).  With the paper properly positioned, close and secure the 
Print Roller Assembly.  Next, roll the Pinch Roller Cams to the right, opening a 
space between the Drive Roller and Pinch Roller (1-4).  Thread the paper 
through this space and then close BOTH Pinch Roller Cams. 
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1.2.3  POWER-UP:    
 
Make sure the Recorder is plugged into a AC power source that 
supplies either 100 –120 VAC or 200 – 240 VAC @ 47-63Hz. After 
switching the 1086’s line power ON, the Microprocessor will go through 
its boot sequence.  During this sequence, listen for a single beep and 
watch the LCDs.  If there is a problem with some of the internal circuitry, 
the recorder will attempt to report what is wrong.  If there is nothing 
wrong, the machine will become operational with menus displayed after 
about 15 seconds. 
 
1.2.4 CHECK PAPER FEED: 
 
Now that the paper is threaded properly and the unit is under power,  
check the chart advance by pressing the RAPID button on the upper  
right-hand side of the Control Panel.   The paper should advance.   
Press the RAPID key again to stop the chart drive.  This is a critical test 
that should be performed every time the unit is turned on.  A malfunctioning chart 
drive can destroy the printhead, rollers, and gears. 
 

RAPID 

FIGURE 1-1 

FIGURE 1-2 

FIGURE 1-3 FIGURE 1-4 
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1.2.5  SECURE TAKE-UP REEL: 
 
If you plan on printing any significant amount of data, you will want to fasten  
the paper to a take-up core.  For the Take-up Reel to wind properly, the end  
of the chart must be trimmed evenly and secured carefully to the core.  Using  
the stainless-steel roller as a guide, trim the paper in a straight line with a  
sharp instrument (fig 1-5).  Snap a core into the chamber, making sure that the 
teeth on the aluminum paper block (top) are grabbing into the small notches on 
the core’s white end plug.  Next, toggle the RAPID key on and off to carefully 
feed paper out to the core.  The paper should run under the core, around, and 
just over the top – a small amount of core should still be visible. Use three 
equally spaced pieces of scotch tape to secure the paper to the core (fig 1-6).  
After making sure that the edges of the paper are equidistant from the white end 
plugs, press the TAKE-UP key to enable the Take-up Motor.  The paper should 
become taught, but not rip off the core.  Test the setup by pressing the RAPID 
key again, the chart should move smoothly and take-up evenly.  Careful  
preparation on this step will insure no take-up problems during data collection. 
 
 

 
 
1.2.6  CHECK TEST PATTERN: 
 
Like checking the Chart Drive, inspecting the Test Pattern is a critical  
power-up procedure.  This simple step insures that the majority of the  
sub-systems in the recorder are working properly. 
 
Assuming that the feed roll has been properly loaded and the chart drive has 
been checked, the 1086’s Internal Test Pattern can now be printed.  Press the 

FIGURE 1-5 FIGURE 1-6 

TAKE                      
UP 

TEST 
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TEST button.  Depending on how the SHADES and CONTRAST functions are 
set, you should see a gray level ramp being printed (fig 1-7).  While the Test 
Pattern is printing, adjust CONTRAST and SHADES to your liking.  You can also 
change the Lines Per Inch (LPI) setting to adjust line spacing.  Press TEST again 
to stop the pattern.  If there are any dropouts in the Test Pattern, refer to the 
Troubleshooting section of this manual (4.2.1). 
 

 
 
 
 
 
1.2.7  PRINT SOME DATA: 
 
Set the DATA INPUT field on the left LCD to the PARALLEL or 
ANALOG (whichever source you are using).  Next, you will want to 
run through every single menu, configuring those items germane to 
your application.  Following is Table 1-1, showing how to configure each item for 
each application: 

FIGURE 1-7 

TEST 
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TABLE 1-1  SAMPLE SETTINGS 

 
SETTING SET TO DATA LCD REMARKS 
     
TIME NOW B L TIME OF DAY 
DATE TODAY B L CURRENT DATE 
SAVE TO CONFIG_1 B L SAVE SETTINGS TO FILE 
SETTINGS CONFIG_1 B L LOADED CONFIGURATION 
TRIGGER INT/EXT A L INT=MASTER, EXT=SLAVE 
TRG SLOPE RISE/FALL A L POLARITY OF EXT TRIGGER 
KEY OUT POS/NEG A L POLARITY OF INT KEY OUT 
FIX # 0 B L SEQUENTIAL FIX NUMBRNG 
SHADES 16 B L GRAY LEVELS IN IMAGE 
MEDIA FILM B L PAPER OR PLASTIC FILM 
STACKING OFF B L DISABLE LINE AVERAGING 
SCL LINES OFF B L DISABLE SCALE LINES 
DATA INPUT PAR/ANLG B L INTERFACE SELECTION 
BAUD 115200 S L SERIAL PORT Rx SPEED 
SWEEP A FORWARD B L PRINT DIRECTION A CHAN 
SWEEP B FORWARD B L PRINT DIRECTION B CHAN 
CONTRAST 0 B R DARKNESS/INTENSITY 
LPI 200 B R LINE SPACING 
EVENT SOLID B R VERTICAL GRID LN TYPE 
WIDTH 2048 D R DIGITAL SYNCH COUNT 
BP FILTERS OFF A R ANALOG FILTERS ON/OFF 
LOW PASS 12.0 kHz A R HIGH FREQ CUTOFF 
HIGH PASS 83 Hz A R LOW FREQ CUT OFF  
TVG OFF A R TIME VARIED GAIN 
SIGNAL SINGLE A R DUAL OR SINGLE CHANNEL 
KEY RATE 0.125 A R ANALOG SYNCH RATE 
SCAN RATE 0.100 A R ANALONG DISPLAY WIDTH 
DELAY 0.000 A R T0 TO SWEEP OFFSET 
AUTOEVENT OFF B R AUTOMATIC EVENT LINES 
AUTOMESG OFF B R AUTOMATIC ANNOTATION 
DATA TYPE 8 BIT D R DIGITAL INPUT RANGE 
REPEAT LN 1 B R PRINT DATA x TIMES 
MESSAGE TIME B R ANNOTATION ON RECORD 
MARGIN 0.00 B R LOCATION OF ANNOTATION 
CHAR SIZE 2 B R FONT SIZE OF ANNOTATION 
BACKGROUND WINDOW B R APPEARANCE OF ANNOT. 
D=DIGITAL   S=SERIAL  A=ANALOG  B=BOTH  R=RIGHT  L=LEFT  N/A=NOT APPLICABLE 
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1.2.7.1  PRINTING ANALOG DATA 
 
If you wish to print analog data, make sure DATA INPUT is set to 
ANALOG and all other functions are set in accordance with the  
Table 1-1.  If the host analog source is providing the Key Pulse,  
set the 1086 TRIGGER to EXTERNAL and make sure there is a 
connection between KEY OUT on the host to TRIG IN on the 1086.  
 
Conversely, if the 1086 is the master, connect the KEY OUT 
on the 1086 to the TRIGGER (or SYNCH) INPUT on the host and  
make sure the 1086 TRIGGER is set to INTERNAL.  For EXTERNAL 
TRIGGER mode, select RISING or FALLING for the appropriate  
TRIG SLOPE; On INTERNAL TRIGGER, make sure the KEY OUT  
polarity is set correctly.  As the recorder is triggering, adjust SCAN, 
KEY, DELAY, GAIN, THRESHOLD, and POLARITY to see what 
happens.  
 
If you have no analog source, you can actually print the 1086’s own 
Key Pulse.  Connect the KEY OUT jack to the SIGNAL A jack,  
set the GAIN to 1.0, POLARITY to ‘+’, and THRESHOLD to mid-level.  
Next, make sure the recorder is set to ANALOG, TRIGGER to INTERNAL, 
SCAN RATE to 0.005, KEY RATE to 0.125, KEY OUT to POSITIVE, 
and DELAY to 0.000.  The 1086 should print a dark bar, about 5/16”  
wide, along the top margin of the record (assuming SWEEP A = FORWARD).   
The 5/16” bar is about 63 pixels out of 2048, or roughly 3% of the display width.  
Since the SCAN RATE is set to 5 ms, we know that the width of the KEY PULSE 
should be about 3% of that, or 156µS. 
 
1.2.7.2  PRINTING PARALLEL DATA: 
 
To print parallel digital data, configure the recorder in accordance with the 
previous table and select PARALLEL for the DATA INPUT.  Next, make 
sure a proper cable connection already exists between the 1086 (see 1.1.5) 
section and host computer.  From the host computer, begin sending data to 
the parallel port.  If you do not have specific software for sending digital 
images to the recorder, EPC has enclosed an evaluation version of the 
Image Processing Utility (IPU) with this manual.  Load this software onto a 
Windows type PC and follow the on-screen prompts.  If you need further 
assistance with printer driver development, EPC offers a Developer’s  
Toolkit and many assorted software utilities on its web page at  
URL: http://www.epclabs.com  
or can be contacted by electronic mail:  
E-mail: epc@delphi.com.  
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top edge.  One of the connectors (26 pins) provides the interface to the 25 Pin 
Parallel Input connector on the front of the unit.  The other connector (40 pins) 
interfaces to the BNC jacks, Gain controls, Threshold controls, and Polarity 
switches.  Discrete circuitry on the board is used to amplify, rectify, and filter 
incoming analog data.  Digital components provide key pulse timing, analog-to-
digital scan clocks, data buffering, and filter frequency programming.  The 
majority of the digital logic (address decoding, analog timing, parallel interface 
handshake, and bus interface) is carried out in a single chip, the Xilinx XC95108 
84 pin CPLD (PLCC through-hole socket).  This versatile package is In-System 
Programmable (ISP) via industry standard JTAG interconnect and stores its fuse 
pattern utilizing modern Flash memory technology. 
 
2.2.5  ISA CONTROL BOARD:  
 
The Control Board (P/N 802221), like the 
Analog Board, is manufactured by EPC 
Labs.  Its primary function is to drive the 
Thermal Printhead and carry out the 
advanced logic required to print gray scale 
data.  In addition to the bus interface circuitry (gates and buffers) the ISA Control 
Board employs two large FPGAs (Field Programmable Gate Arrays) for loading 
the printhead, counting the shade cycles, and modulating the enable pulses that 
actually turn the pixels on.  There is also and on-board A/D converter used for 
reading the temperature of the printhead.   Temperature information is fed to the 
µP board, which then compensates for ambient conditions – and shuts down the 
system if it becomes too hot. 
 
2.2.6  MOTOR DRIVE PC: 
 
“Motor Drive PC”  (P/N 802392) is a bit of a misnomer.  
Though this circuit board provides the clock circuit 
which ultimately drives the system stepper motor, the 
primary purpose of the board is to distribute power and 
signals to a variety of different sub-systems.  The Chart 
Drive Module is one of the more important sub-
systems, so this circuit board derives its name from that.  Additionally, EPC 
recorders have always had a Motor Drive PC, so we couldn’t break with tradition.  
Located underneath the Control Panel, the Motor Drive PC has interconnections 
to the following components: 
 
• Power Supply – Power bus distribution to several components that need 

various voltages.         
  

• Printhead – Power (+24VDC, +5VDC, and GND) connection for Thermal 
Printhead.          
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• LCD Displays – Signal patch from 50 pin Digital I/O Board interconnect to 14 
pin display connectors.  Backlight power supply to LCDs.    
       

• Digital I/O Board – Signal routing for error sensing, Printhead Relay enable, 
LCD interface, and Chart Drive Clock programming.    
  

• Passive Backplane – Power distribution to system Backplane.   
   

• External Chart Drive BNC – Interconnection to Chart Drive Clock circuit for 
External Chart Clock Input.        
  

• External Event Mark BNC – Interconnection to Event Mark latch which is then 
read via the Digital I/O Board.  

        
• Error Sensors  -- Connection of Paper Out Sensor, Printhead Not Engaged 

Switch, and EPC Paper Sensor to Digital I/O Board.    
  

• Chart Module – Power and Clock connection to Chart Drive Module.  
  

• Printhead Relay – Connection of Printhead Power Relay (24V enable) to 
Power Supply and Digital I/O Board.       
  

• Printhead Capacitor – Location of 11,000µF cap across main outputs of 24 
Volt Printhead supply.         
  

• Chart Clock PAL – Digital I/O Board interface for programming the Chart 
Clock Logic (Programmable Array Logic).      
  

• Take-up Motor – Power connection and enable circuit for 12V Take-up Motor. 
        

2.2.7 THERMAL PRINTHEAD 
 
The one-step thermal printing process is accomplished by the Thermal 
Printhead.  The Printhead is comprised of an aluminum mounting plate, some 
drive circuitry (shift registers, latches, etc), a ceramic substrate, and an array of 
2048 individual heater elements (resistors).  The elements, called pixels, are 
spaced at 203 dots per inch (8 dots/mm) across a 10.08” (256 mm) active print 
width. Vertical alignment of the pixels is within a 4/10,000th of an inch tolerance.  
Each resistive element consumes a nominal 0.4 watts and the average 
impedance is between 1320Ω and 1520Ω. 
 
2.3  POWER SYSTEM 
 
The power system in the 1086 500 Series is different from its predecessors.  In 
conjunction with support components, two AC/DC supplies are used to generate 
the five DC voltages required by the unit.   
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2.3.1  LINE INPUT MODULE: 
 
Serving as the entry point for system power, the Line Input Module has 
three major functions.  First, it provides the interconnections to a suitable 
AC source (100-120 or 200-240VAC, 50-60 Hz).  Second, the module’s 
three-amp fuse protects against over-current situations.   Finally, the 
ON/OFF switch for the recorder is located on the Module. 
 
Caution:  Connecting the 1086 to unsuitable AC line source may cause 
severe damage to the unit and/or serious injury to personnel. 
 
 

 
 

 
2.3.2  LOGIC SUPPLY: 
 
Located on the Power Supply Bracket, underneath the Interface Panel, the Logic 
Supply (P/N 400275) can be identified as the silver colored, small module.  This 
AC/DC supply has quad DC outputs (+5V, +12V, -5V, -12V) and accepts a wide 
AC input range (84-265 VAC, 50-60 Hz).  All four of the output voltages must be 
operating correctly for the system to run.  The Bandpass Filter section of the 
Analog Board is the only circuit that uses the –5VDC, the rest of the voltages are 
used in multiple places. 
 
2.3.3  PRINTHEAD SUPPLY: 
 
The 24 volt Printhead Supply (P/N 400274) is the black colored module located 
next to the Logic Supply.  This supply is Auto ranging and accepts only input 
Voltages between 100 -120VAC and 200 – 240VAC. The Printhead Supply only 
generates a single adjustable DC output.  Both the Printhead and the Chart 
Module require this output to run.  Depending on the characteristics of the 
Printhead, the supply may be trimmed down somewhere between 22 and 24 
volts. 

PRINTHEAD POWER SUPPLY LOGIC POWER SUPPLY
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2.3.4  MOTOR DRIVE PC: 
 
As mentioned in paragraph. 2.2.6, the Motor Drive PC acts as a key distribution 
bus, bringing power to many of the sub-assemblies in the 1086.   
 
2.3.5  PRINTHEAD RELAY:     
 
Mounted directly to the Motor Drive PC, the Printhead Relay (P/N 450004) is 
responsible for gating power (the 24V supply, specifically) to the Printhead.  To 
preserve the life of the Printhead, power needs to be removed when not printing.  
A logic signal from the Digital I/O board toggles the Relay off in non-printing 
situations. 
 
2.3.6  PRINTHEAD CAPACITOR: 
 
Also mounted to the Motor Drive PC, the 11,000µF Printhead Capacitor (P/N 
151131) provides a storage tank of power for the in-rush current requirements of 
the Printhead during printing. 
 
2.3.7  SYSTEM COOLING:   
 
A 12 volt fan is strategically located to cool the Power Supply and system 
electronics. 
 
2.4  PAPER TRANSPORT SYSTEM: 
 
The chart drive mechanism in the 1086 is comprised of several components – all 
of which are discussed in the following paragraphs. 
 
2.4.1  FEED ROLL MAGAZINE:   
 
The Feed Roll Magazine, or Paper Feed Chamber, is located on the left-hand 
side of the machine (adjacent to the Printhead).  A roll of 1086 media is generally 
about 2.5 inches in diameter (130-150 ft. in length) and fits easily in this cavity.  If 
necessary, larger rolls could be accommodated.  For instructions on how to load 
paper, please refer to paragraph 1.2.2 in the previous chapter. 
 
2.4.2  PAPER FEED BLOCKS:   
 
Two black Delrin blocks hold the Feed Roll secure in the Paper Feed 
Chamber.  Each block has a set-screw located where the white end 
plug on the paper core snaps into place.  The set-screws are used 
to adjust the tension on the roll so it does not vibrate during operation.  
Vibration can cause the roll to unravel slightly, which in turn, causes 
the paper to walk to one side or the other.  Because the blocks are 
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made out of plastic, never ship the recorder with a roll of paper installed.  
Shipping the recorder with paper loaded can cause damage to the blocks. 
 
2.4.3  PRINT ROLLER ASSEMBLY:   
 
The Print Roller Assembly has three main functions.  First, it encloses the Feed 
Roll in its chamber.  Second, the metal plate on top of the assembly (called the 
Feed Roll Cover) provides a smooth surface for the paper to travel 
across.  The aluminum plate is also an ideal table for writing 
on a printed record.  Last, and most importantly, the 
mechanism is responsible for holding the Print Roller 
(platen) against the Printhead.  This calculated fit presses 
the paper against the element line of the head in a precise manner for printing. 
 
2.4.4  VIEW PANEL:   
 
The View Panel is merely a continuation of the Feed Roll Cover.  It is a sturdy 
electro-coated plate that covers the Electronics Chamber and provides a smooth 
stable surface for the paper to move across. 
 
2.4.5  PINCH & DRIVE ROLLERS:   
 
A pair of rollers, one stainless steel and one urethane-coated, are located 
between the View Panel and the Take-up Chamber.  These two rollers are called 
the Pinch Roller (stainless) and Drive Roller (urethane) and are responsible for 
pulling the paper across the viewing area.  The Pinch Roller is held against the 
Drive Roller under strong spring tension and “pinches” the paper between the 
two rollers.  As discussed in the previous chapter, the Pinch Roller Cams can be 
used to pull the Pinch Roller away from the Drive Roller so that paper may be 
threaded between the two.  The urethane-coated Drive Roller connects to a 
Stainless Steel Gear Train. 
 
2.4.6  STAINLESS STEEL GEAR TRAIN:   
 
Due to the large amount of torque required to accurately step the 
paper at high rates of speed, the 1086 uses a series of reduction gears 
connected to the Drive Roller.  EPC has found that stainless steel is 
the best material for the gear cluster.  Though this causes the 
machine to be audibly louder, precise chart speed is maintained.  The 
nylon gears that were formerly used would sometimes compromise 
print quality by warping.  The Gear Train is located underneath the 
Control Panel. 
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2.4.7  STEPPER MOTOR:   
 
EPC has used the EAD Stepper Motor found in the 1086 (P/N 
350001) for more than 20 years.  This time proven device is mounted 
to the aluminum side riser, just under the Control Panel.  The motor 
is driven in full copper mode (all four phases are driven with 
commons to each pair) by the 24 volt power supply.  Full step 
resolution is 1.8° or 200 steps for one full revolution.  The Chart 
Module used to control the Motor is capable of ½ step operation for finer 
increments. 
 
2.4.8  CHART MODULE:   
 
The Chart Module (P/N 350011) is the liaison between the chart 
drive logic and power in the 1086 and the Stepper Motor.  Taking 
control signals and distributed voltages from the Motor Drive PC, 
the Chart Module is responsible for pulsing the phases of the 
Stepper Motor in accordance with the Lines Per Inch (LPI) setting.  
One signal in particular, the clock signal on pin 10, governs the 
distance that the paper is advanced for each printed line.  
Configured for ½ step operation, a single clock pulse will 
advance the chart approximately 1/1200th of an inch.  So, for a 
chart speed of 200 LPI, the Chart Module needs to receive a burst of six clocks 
for every printed line.  The burst of clocks has a maximum frequency of about 1.6 
kHz.  The Chart Clock Circuit on the Motor Drive PC uses 1.2kHz as its base 
frequency.   
 
2.4.9  CHART CLOCK CIRCUIT: 
 
As mentioned in earlier passages, the Chart Clock electronics are located on the 
Motor Drive PC.  The circuit is composed of a programmable oscillator, a PAL 
(Programmable Array Logic), and some discrete components. The 
programmable oscillator is configured to run at 1.2kHz to derive the 1086’s 
Internal Chart Speeds (see Table 2-1).  The PAL (EP610T), is programmed by a 
bit code from the Digital I/O board as to the number of chart clocks to send for a 
given line (or clocks to count in External Chart Clock mode).  A couple of RC 
(Resistor/Capacitor) networks surround the circuit to filter noise and buffer the 
signal inputs.  If you are using the External Chart Clock Input, make sure the 
burst rate frequency of the input clocks is less than 1.6kHz and that you send at 
least four clocks (300 LPI) per line of data to be printed.  The Chart Clock Circuit 
will not print a line until at least four external clocks have been counted.  This 
safety mechanism protects the printhead and the paper from overheating. 
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Table 2-1:  Chart Clock Requirements 
 

LPI SETTING CLOCK PER LINE LINE PITCH 
75 16 0.0133 in (0.339 mm) 
80 15 0.0125 in (0.318 mm) 

100 12 0.0100 in (0.318 mm) 
120 10 0.0083 in (0.212 mm) 
150 8 0.0067 in (0.169 mm) 
200 6 0.0050 in (0.127 mm) 
240 5 0.0042 in (0.106 mm) 
300 4 0.0033 in (0.085 mm) 

 
 
2.4.10  TAKE-UP MOTOR:   
 
A 12 VDC Take-up Motor (P/N 802223) is mounted to side riser, underneath the 
Control Panel.  The motor is used to turn a hub which attaches to the Take-up 
Core.  Power leads from the motor connect to a power transistor circuit on the 
Motor Drive PC.  This transistor circuit is then enabled or disabled by an I/O bit 
from the Digital I/O Board. 
 
2.4.11  TAKE-UP BLOCKS:   
 
There are two different support blocks used to secure the Take-up Core into the 
Take-up Chamber.  The support on the Control Panel side of the machine is 
donut-shaped and has two spring plungers protruding into the cavity that the end 
plug of the core snaps into.  The two plungers are there to positively grab the 
core by the two small slots in the end plug.  This mechanism allows the Take-up 
Motor to spin the Take-up Core.  The other Paper Take-up Block is identical to 
the Paper Feed Blocks.  It allows the core to spin in place without grabbing hold 
of it. 
 
2.4.12  TAKE-UP CHAMBER:    
 
The Take-up Chamber is located at the opposite end of the recorder from the 
Paper Feed Chamber (Feed Roll Magazine).  The cavity is spacious enough to 
wind a complete roll of paper even though the roll will not be as small and tight as 
the original feed roll. 
 
2.5  ERROR SENSORS (INTERLOCKS):  
 
The 1086 has several safety interlocks to 
prevent damage to the unit in the event of 
an illegal operating condition.  The 
sensors are detailed in the following 
sections. 

Out of Paper Sensor Reflector 
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2.5.1  EPC PAPER SENSOR INTERLOCK: 
 
Located in one of the Paper Feed Blocks, the EPC Paper Sensor determines the 
presence of EPC qualified paper.  Using unauthorized recording medium may 
cause irreparable damage to the Printhead. In addition, the paper sensor verifies 
that the roll of paper is orientated correctly. 
 
 
2.5.2  PRINTHEAD NOT ENGAGED SWITCH: 
 
Located just above the upper Paper Feed Block, the Not Engaged Switch 
connects to the system I/O Board via the Motor Drive PC.  When this switch is 
open, an error message will appear on the left LCD and the machine will not 
operate.  The interlock is an attempt to insure that no printing takes place when 
paper is not properly loaded. 
 
2.5.3  PAPER OUT SENSOR:   
 
The Paper Out Sensor is mounted to a bracket in the lower 
region of the Paper Feed Chamber.  This device is an optical 
device that is activated by a reflector mounted on the underside of 
the Print Roller Carriage.  When all paper has been discharged, a beam from the 
sensor bounces off the reflector and back to the sensor’s pickup.  In this event, 
an error message is displayed and the machine becomes inoperative. The 
interlock is an attempt to insure that no printing takes place when paper is not 
properly loaded. 
 
2.5.4  PRINTHEAD THERMISTOR: 
 
Read via an A/D converter on the ISA Control Board, the Printhead Thermistor 
relays temperature information to the embedded program.  Once the temperature 
of the Printhead exceeds 150° Fahrenheit, the machine will stop operating until it 
cools to 120°F.  During the cooling period it is a good idea to shut the recorder off 
and move it to a well ventilated area. 
 
 


