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Thermal Flight Strip Printer Specifications

1 INTRODUCTION

The following requirements shall be met with commercially available off-the-shelf hardware, with custom modified software and/or firmware.  The requirements herein are for a thermal flight strip printer which prints exclusively on specific heat sensitive paper, not thermal transfer or any other similar technology. 

1.1 Printer Operations Modes

1.1.1  The thermal printer shall be capable of operating in an “FAA mode”.   The “FAA mode“  is described within sections 2 thru 6.

1.1.2 The thermal printer shall be capable of operating in its standard commercial mode. Refer to section 7.

1.1.3 The mode of operation shall be selectable via user assessable menu items accessed thru the control panel.

2 PRINTER HOST INTERFACE

The host interface is described in NAS-MD-581 Software Interface Control Document. NOTE: This specification shall take precedent over the SICD. The printer interface to the Host shall include the following:

2.1 Printer Interface Connector

2.1.1 The printer’s interface to the Federal Aviation Administration (FAA) host computer shall be an Electronic Industries Association (EIA) RS-449 balanced operation as specified in EIA RS-422.  

2.1.2 The pin out of the RS-449 DB25S female connector shall be as follows: pin 1 is frame ground, pin 7 is signal ground, pin 15 is negative input, pin 17 is positive input, pin 19 is negative transmit, and pin 25 is positive transmit.

2.1.3 The full-duplex interface shall be capable of operating at 2400 baud up to 19200 baud which will be able to be selectable via user assessable menu items.

2.1.4 Each character shall comprise of eleven bits consisting of eight (8) data bits, one (1) start bit, one (1) parity bit, and one (1) stop bit.

2.2 Parity Checking

2.2.1 The printer shall perform odd parity checking with an error indicated by a parity character.

2.2.2 A question mark in reverse video shall be printed for each character received with a parity error.

2.2.3 Parity errors shall be communicated across the serial interface as described in paragraph 2.5.2.

2.3 Message Handling

2.3.1 The communication protocol shall accept messages framed in an STX/ETX format (hex: 02 / 03) shown below (ref. NAS-MD-581 SICD section 6.1.1.1):

Nul  Stx (


Text



( Ext

| 00  |  02  |    ASCII text or control information    |  03 |

2.3.2 Successful completion of message printing and cut, or buffer empty shall be signified by the return of an acknowledgement character to the host processor.  This is to guarantee that the message was successfully printed and cut, before the printer acknowledges (ACK’s, hex: 06) the host computer.  

2.3.3 Unsuccessful completion of printing shall be negatively acknowledged (NAK’ed, hex: 15).  

2.3.4 The format of the ACK and NAK response is shown below (ref NAS-MD-581 SICD section 6.1.1.1):

X-off Ack/Nak X-on 

| 13   |   06 / 15    |  11   |

2.3.5 There are two messages used for moving strips up to the tear bar on the former dot matrix printers: NUL,CR,LF,LF,LF,FF,LF,FF,LF,FF,ETX (hex: 000D0A0A0A0C0A0C0A0C03FF ) and NUL,CR,LF,LF,LF,LF,LF,LF,LF,LF,FF,LF,FF,ETX (hex: 000D0A0A0A0A0A0A0A0A0C0A0C03FF )  These two messages shall be acknowledged (ACK’ed) to the host computer, with no action taken.

2.3.6 Print Highlighting

The printer shall use the following escape sequences turn on and turn off the highlighting feature.

2.3.7 The printer shall turn on the highlighting feature upon receiving the escape sequence ESC[31m (hex: 1B5B33316D).   

2.3.8 The printer shall turn off the highlighting feature upon receiving an ETX, or receiving the escape sequence ESC[30m (hex: 1B5B33306D). 

2.4 Printer Form Lengths and tab settings

The printer setup message incorporates two escape sequences in its format. The first escape sequence sets the form length, and the second sets the tab settings. These two escape sequences are described below (ref. NAS-MD-581 SICD section 6.2.1 and 6.2.2)
2.4.1 The printer shall set flight strip form lengths (with appropriate logos) as follows:

2.4.2 Upon receiving the escape sequence NUL ESC[006t (hex: 001B5B30303674) the printer shall set strip form length to 1 inch.

2.4.3 Upon receiving the escape sequence NUL ESC[008t (hex: 001B5B30303874) the printer shall set strip form length to 1 1/3 inch.
2.4.4 The printer shall be capable of setting tabs to any position, as in the following example: ESC[11; 17; 38; 44; 64; 70u ETX (hex: 1B5B31313B31373B33383B34343B36343B37307503). 

2.4.5 Upon receiving the escape sequence with tab setting ESC[9; 14; 21; 31; 40; 57; 70u ETX, (hex: 1B5B393B31343B32313B33313B34303B35373B37307503). No logo shall be printed until a different tab setting is received.

2.4.6 The an example of the format of the printer setup message is show below:

NUL (                 TEXT                     ( EXT

|  00 |  ESC[008tESC[11;17;38;44;64;70u |  03  |

2.4.7 The printer shall retain strip form length and tab settings despite loss of power.

2.5 Printer Status 

The printer shall use the following status sequence:

2.5.1 The printer shall accept the following status request from the HOST:  ESC[x ETX (hex: 1B5B7803).

2.5.2 The printer shall respond to the status request as follows:

Xoff Ack ( Status Byte  ( Xon

| 13  |  06  |      See Below       |  11  |

STATUS BYTE:

| D7 | D6 | D5 | D4 | D3 | D2 | D1 | D0 |

MSB                                                   LSB

D7 = Not used

D6 = Device fault

D5 = Out of paper

D4 = Character parity error

D3 = Online

D2 = 0

D1 = 1

D0 = 0

Note: Bits D2-D0 determine the device code of the printer. Note that bit D1 is set to a 1 which set the device code to a 2. This is the device code for a printer.

2.6 Barcode Printing

A barcode shall be printed in the location show on the sample flight strip Figure 3. The barcode shall use the first 3 characters of data on row 5 for the generation of the barcode. The data located here has the following format: Character 1: 0-9; Character 2: 0-9; Character 3: 0-9 or A-Z. The following characteristics shall be included:

2.6.1     The printer shall only print a barcode for a valid format.

2.6.2     The barcode format shall be Interleave 2 of 5.

2.6.3 If a character A-Z is detected in the third character position of row 5, and the format is valid, it shall be converted to its ASCII equivalent, and moved to the beginning of the data to be used for the barcode. E.G. a format of 12A would be converted to 6012. This data will be use for barcode generation only. The original format will still be printed on the strip.

2.6.4 The barcode shall be able to be Enabled or Disabled via user assessable menu items accessed thru the control panel.

2.6.5 This section shall only apply in F.A.A. Mode.

2.7

Printer Invoke Diagnostic

The host computer may sometimes request that the printer perform a diagnostic and internal reset operation.

2.7.1 Upon receiving an NUL ESC c ETX (hex: 001B6303) the printer shall perform an internal diagnostic and reset of the printer. 

2.7.2 The printer shall send an X-ON (hex: 11) upon successful completion of the reset.

2.8 Maintenance Setup

The host computer may sometimes send a setup message to the printer. This message was used with the older Dot Matrix printers. 

2.8.1 Upon receiving an NUL ESC S ETX (hex: 001B5B5303) the printer shall respond with a status response as described in section 2.5.2

2.8.2 No action shall be taken by the printer upon receiving the setup message.  

3 PRINTER OPERATIONAL CHARACTERISTICS

3.1 Print Characteristics

The print characteristics shall include the following:

3.1.1. The printer shall be capable of printing all characters as listed in Table 1.

3.1.2. Printer Fonts

3.1.2.1 The FAA custom font shall be resident, as per example in Figure 2.

3.1.2.2 The printer shall provide additional non-scalable commercial fonts no larger than the current font.

3.1.2.3 The print resolution shall be a minimum of 200 DPI (Dots Per Inch).

3.1.2.4 Vertical spacing shall be 6 lines per inch.

3.1.2.5 Character spacing shall be 9 characters per inch, 72 characters per line.

3.1.2.6 The upper case character shall be 0.164 inches high and 0.100 inches wide +/- 0.010 inches.

3.1.2.7 The lower case character shall be 0.125 inches high and 0.090 inches wide +/- 0.010 inches.

3.1.3 The printer shall be capable of printing all characters in reverse-video, shaded (dark and light) and boxed highlighting. The type of highlighting shall be selectable via user assessable menu items accessed thru the control panel. This selection shall be retained on power off. Unless otherwise directed, the highlighting type shall be reverse-video.

3.1.4 If the thermal flight strip printer receives more characters than will fit on a line, the printer shall respond by wrapping the extra characters onto the next line.  The extra line(s) shall be terminated by a CR, or carriage return character.

3.1.5. The printer shall ignore CR and/or LF characters at the end of a message if no printable character follows the CR and/or LF characters.  The printer shall treat such characters as if they did not exist.  Any virtually unreal CR and/or LF characters at the end of a message shall not cause any additional strips to print, nor affect the numbering of multiple strips (see 3.1.8).

3.1.6 The printer shall have a print buffer capable of storing 2048 characters.

3.1.7 The printer shall print each flight strip in less than five seconds.

3.1.8. Multiple Strips

3.1.8.1 In the instance of too many lines for a strip, the excess lines shall be printed on an additional strip(s).

3.1.8.2 The printer shall accept messages that exceed the five (5) lines of text in terminal (1 inch) mode and exceed the seven (7) lines in en route (1 1/3 inches) mode.

3.1.8.3 The additional information shall be printed on to additional strip(s). 

3.1.8.4 This occurrence shall be referred to as multiple strips.

3.1.8.5 When multiple strips are printed, the strips shall be numbered as described herein. 

3.1.8.6 The last five characters of the last line shall be replaced with the highlighted (reverse video) text, “No. XX”, where the XX is the strip sequence from 00 to 99.  

3.1.8.7 Any strips above 99 shall be numbered as “XX”.  

3.1.8.8 The last strip printed from a multiple strip message shall replace the text “No XX” with “ENDXX” where the XX is the strip sequence number. 

3.1.8.9 If data is present in the last five character positions on the last line, this data shall wrap-around to the first line of the subsequent strip.  

3.1.8.10 No data shall be lost in this process, and the message shall not be acknowledged until the last strip is successfully printed and cut.

3.1 Flight Strip Characteristics

     The printer shall accept and print the following flight strip sizes:

3.2.1. The flight strip printer shall accept strips with dimensions of: lengths 1 inch +/- 0.008 inch and 1 1/3 inch +/- 0.008 inch; width of 8 inch +/- 0.0156 inches; and caliper (thickness) as defined in the Specifications of the Existing Thermal Flight Strip Paper.  These strips shall be referred to as “one inch strips” and “ one and a third inch strips” respectively.

3.2.2. All 1inch strips shall be imprinted with a logo as per Figure 1 except as noted in section 3.2.5.  (Examine flight strip samples.) 

3.2.2.1
One inch (1”) strips shall consist of five (5) vertical lines of text, such that a clear border 0.082 inches lies above and below the five (5) lines of text.  Not all lines will always be printed with text.  The line positions shall not change, there shall be no “centering”.

3.2.3. All 1 1/3 inch strips shall be imprinted with a logo as per Figure 1. 

3.2.3.1
One and a third inch strips shall consist of seven (7) vertical lines of text, such that a clear border 0.082 inches lies above and below the seven (7) lines of text.  Not all lines will always be printed with text.  The line positions shall not change, there shall be no “centering”.

3.2.4. The printer shall determine the strip size and logo as described in section 2.5. 

3.2.5. Disable Logo

The strip logo printing shall be disabled during the following conditions.

3.2.5.1 Upon receiving the escape sequence with tab setting '9;4;21;31;40;57;70u' (hex: 393B31343B32313B33313B34303B35373B373075), no logo shall be printed until a different tab setting is received.  This prepares the printer for a flight strip format referred to as “half strips.” Please refer to section 2.4

3.2.5.2 Upon receiving a ESC[d (hex: 1B5B64) immediately after an STX, the printer shall not print the field line separators (logo)as described in section 3.2.2 or 3.2.3 for that message only.

3.3 Flight Strip Paper Characteristics

The printer shall handle paper with the following attributes:

3.3.1. The printer shall handle the existing thermal paper stock already used by the FAA, as well as other thermal paper stock that meets the same specifications as the existing thermal flight strip paper.  Samples of thermal paper flight strips will be provided.

3.3.2. The thermal paper stock will be in fan-folded (singular fanfold) stacks of flight strips of the dimensions described in 3.2.1.  The strips will be fan-folded lengthwise at the perforation every eight inches.

3.3.3. The thermal paper shall adhere to the specifications outlined in the attached Specifications of the Existing Thermal Flight Strip Paper.

3.3.4. The printer shall recognize the end (perforation) of the thermal flight strips by sensing the black stripe on the back (non-glossed) side of the thermal paper strip.  The printer shall detect the black sensor mark underneath the strip.  The printer shall not sense the mark through the paper from the top of the strip.  The location of this black stripe is described in the Specifications of the Existing Thermal Flight Strip Paper. 

3.4 Flight Strip Paper Handling

The printer shall handle paper in the following manner:

3.4.1. Paper shall be loaded by automatic paper feed.

3.4.2. A person standing in front of the printer shall be able to load paper without going behind the printer. 

3.4.3. There shall be no adjustment or alignment of paper required by the user.  The paper guide should have two fixed settings for the two different flight strip sizes.

3.4.4. When an out-of-paper or OFF-line condition is initially detected, the printer shall activate audible (of short duration) and visible indicators as described in 3.5. Also the out of paper condition will be communicated over the interface via the status byte described in section 2.5

3.4.5. When the printer is no longer out of paper, the visible indicator shall reset and the status byte cleared.

3.4.6. The printer shall communicate an out-of-paper condition across the serial interface and shall be OFF-line.

3.4.7. The printer shall cut the flight strip after printing.  Printed strips shall be ejected out of the front of the printer into a catcher, retaining chronological order.

3.5 Printer Control Panel

The printer control panel in the front of the printer shall be clearly visible from a seated or standing position with the printer at desk level. 

3.5.1. The control panel shall be configured with at least three separate control buttons. 

3.5.1.1 ON/OFF-LINE - This button is used to set the printer to on-line and off-line.

3.5.1.2 BLANK STRIP - This button shall generate a blank flight strip (with logo) and shall be enabled when the printer is both on-line and off-line.  The use of Blank Strip shall not cause loss of print data or format.  The Blank Strip interrupt to the printer shall be processed such that it will not interfere with the printing of a message.

3.5.1.3 A third button shall be reserved for future enhancements. 

3.5.2 The control panel shall have four light emitting diode (LED) indicators - one green, one amber and two red. There shall be a green LED indicator when the printer is on-line.

3.5.2.1 There shall be a blinking amber LED indicator when an out-of-paper condition occurs.  The printer shall be OFF-line when an out-of-paper condition exists.

3.5.2.2 There shall be a blinking red LED indicator (separate from the LED in 3.5.2.3) when there is an error, including when the printer is off-line.  An error is any time when the printer is not on-line and capable of printing strips.

3.5.2.3 There shall be a blinking red LED indicator (separate from the LED in 3.5.2.2) when there is a paper-jam condition.

3.5.2.4 The status of the LEDs for the state of the printer is summarized in the following chart:


ON-LINE
OFF-LINE
ERROR
PAPER JAM
OUT-OF-PAPER

Green LED
On
off
off
off
off

Amber LED
Off
off
off
off
blinking

Red LED #1
Off
blinking
blinking
blinking
blinking

Red LED #2
Off
off
off
blinking
off

3.5.3 The control panel shall have a display for error messages and maintenance functions.

3.5.3.1 The display shall be visible in all lighting conditions.

3.5.3.2 The display shall be a minimum of 15 characters wide.

3.5.3.3 The display characters shall be readable from a distance of 5 feet.

3.6 Printer Maintenance Characteristics 

The printer shall include the following maintenance characteristics:

3.6.1. The mean time between failures (MTBF) shall be greater than or equal to 8,000 operating hours, with the exception of the thermal print head.  The MTBF for all electronics shall be greater than or equal to 20,000 operating hours.

3.6.2. The thermal print head shall not require replacement until at least 300,000 flight strips have been printed.

3.6.3. The mean time to replace (MTTR) any consumables or expendables, including the print head, paper cutter and firmware, shall not exceed 20 minutes.

3.6.4. The MTTR the paper, or the time to reload the paper shall not exceed one minute.

3.6.5. Any removable parts shall be fixed such that the part cannot be accidentally removed or misaligned.

3.6.6. The printer shall print have a maintenance and diagnostic capability.

3.6.6.1 The printer shall be capable of conducting off-line internal diagnostics for trouble shooting and adjustments.

3.6.6.2 The printer shall be capable of printing strips with internal diagnostics information and printer configuration parameters

3.6.6.3 The printer shall be capable of printing a test flight strip in the maintenance and diagnostic mode.

3.6.7 The printer configuration parameters shall be adjustable via user assessable menu items accessed thru the control panel.

3.6.8 The printer configuration parameters shall be password protected.

3.6.9 The printer shall record the total number of strips ejected from the printer. After a selected interval, the printer shall display that periodic maintenance needs to be preformed, and shall include the following characteristic:

3.6.9.1   The interval shall be able to be adjusted via user assessable menu items

3.6.9.2   The total number of strips ejected shall be able to be adjusted via user assessable menu items.

3.6.9.3   The printer shall not give an audio alarm when the interval is reached.

3.6.9.4   The printer display shall toggle between the current status of the printer and the display that periodic maintenance needs to be performed.  

4 PHYSICAL CHARACTERISTICS

The physical characteristics of the printer are as follows:

4.1 Weight


     The printer shall weigh no more than 30 lbs.

4.2 Power

4.2.1. The printer shall operate on 120 volt +/- 10%, 60 Hz power.

4.2.2. The printer shall consume less than 50 watts in the specified voltage range.

4.2.3. The printer shall be on-line upon initial power-up.

4.3 FAA and Industry Power Standards

The printer shall meet FAA and Industry power standards.  

4.3.1. The printer shall not exceed a total harmonic distortion of ITHD=150% and VTHD=2.5% in either idle or active state. 

4.3.2. The power factor shall be greater than or equal to 0.70. 

4.3.3. The current inrush shall be less than the steady state current times 12, under the assumption the inrush time duration is less than 20 ms..  

4.3.4. The harmonics shall not exceed the maximum limits as shown in Table 1. (Power is the sum of the rated power of each component under test)

Harmonic

Order
Maximum Limits (ma)

for 50 < W < 600

(1 phase)

2
1.00 x W

3
3.60 x W

4
1.00 x W

5
2.00 x W

6
0.50 x W

7
1.50 x W

8
0.50 x W

9
1.00 x W

10
0.10 x W

11
0.60 x W

12
0.10 x W

13
0.51 x W

14
0.10 x W

15
0.44 x W

16
0.10 x W

17
0.39 x W

18
0.10 x W

19
0.35 x W

20
0.10 x W

4.4 Noise

The printer shall not exceed the noise level limits of 55 dBA.

4.5 Electrical Connections

The printer shall have the following electrical connections.

4.5.1. The AC power switch shall be located behind the printer

4.5.2. All cable and power cord connections shall be behind the printer.

4.6 Flight Strip Feed and Output

The printer shall have a flight strip feeding guide and catcher.

4.6.1. Flight strip feeding guides shall be provided with each printer, capable of handling stacks of a thousand flight strips, for both size flight strips.

4.6.2. Flight strip catchers shall be provided with each printer, capable of handling a minimum of fifty flight strips, for both size flight strips.

4.7 Printer Dimensions

The complete printer unit (including guides, catchers, etc.) must operate within the following dimensions:

4.7.1. The printer must be able to operate within a restricted space, of the following dimensions: 16.6 inches wide, 27.3 inches deep, and 9.5 inches high.  The whole unit, with strip catcher in front and unused paper stock in feeding guide behind, shall fit within these dimensions.

4.7.2. The flight strip paper shall be behind the printer and visible such that the user can recognize when the paper needs to be changed.  Multiple stacks of paper strips shall fit behind the printer within the dimensions of 8.5 inches by 8.5 inches by 8.5 inches.

5 ENVIRONMENTAL CONDITIONS

The printer shall operate in the following environments:

5.1 Temperature and Humidity

5.1.1. The printer shall accommodate operating temperature from 50° F to 104° F.

5.1.2. The printer shall accommodate shipping and storage temperature from -20° F to 140° F.

5.1.3. The printer shall accommodate relative humidity from 20% to 80% non-condensing.

5.1.4. The printer shall accommodate a maximum temperature gradient of 15° F per hour.

5.2 Operating Altitude

The printer shall operate at altitudes up to 8000 feet above sea level.

6 SAFETY

6.1 Safety Certification

The printer shall be approved by Underwriter's Laboratory.

6.2 FCC Regulations

The printer shall comply with Federal Communications Commission (FCC) Class A and B Radio Frequency Interference Regulations.

7 Commercial Operating Mode

This sections specification shall apply only to the commercial operating mode. Sections 4 thru 6 shall apply when operating in this mode and shall not be affect by operating in this  mode. 

7.1 Interface

7.1.1 The printer shall use the same hardware interface described in section 2.1 when operating in its commercial mode

7.2 Communication

7.2.1 The printer shall communicate over the interface whether a strip was successfully printed or unsuccessfully printed.

7.2.2 The printer shall communicate the current status of the printer across the interface. 

7.3 Human Interface

7.3.1 Control panel button functions shall be the same as described in section 3.5

7.3.2 The four LED indicators shall function as described in section 3.5

7.3.3 Access to the user assessable menu items and configuration parameters shall be the same as in F.A.A. mode.

7.4 Paper

7.4.1 When operating in its commercial mode, the printer shall be able to use the same thermal paper stock as described in section 3.3.

7.4.2 Loading of the paper shall be the same as described in sections 3.4.1-3.4.3
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TABLE 1


Printable Character Set


Symbolic Name

0 - 9


A - Z


A - Z







~


0 - 9

¿





@


!


"


#


$


%


&


'


(


)


*


+


,


-


.


/


:


;


=


?

[


\


]


^


_


'


?




ASCII HEX

30 - 39


41 - 5A


61 - 7A


7B


7C


7D


7E


B0 - B9


BA


3E


3C


40


20


21


22


23


24


25


26


27


28


29


2A


2B


2C


2D


2E


2F


3A


3B


3D


3F


5B


5C


5D


5E


5F


60


Note 1




Meaning
Small Numerals

Large Caps

Small Caps

Down Arrow

Up Arrow

Large Numerals

Upside down Question Mark

Cloudy

Clear

At Sign

Space

Exclamation Point

Double Quote

Number Sign

Dollar Sign

Percent

Ampersand

Apostrophe

Left Parenthesis

Right Parenthesis

Asterisk

Plus Sign

Comma

Hyphen

Period

Forward Slash

Colon

Semicolon

Equal Sign

Question Mark

Left Bracket

Backslash

Right Bracket

Caret

Underscore

Apostrophe

Reverse Video Question Mark

        Note 1:
A Reverse Video Question Mark is not transmitted to the printer; it is generated whenever the printer receives a character with bad parity.  This symbol replaces the bad character on the flight strip.


TABLE 2


Command Character Set


Symbolic Name

NUL


STX


ETX


HT


DEL


BK SPACE


CR


LF


FF


REV


NRML





ASCII HEX

0


02


03


09


7F


08


0D


0A


0C


ESC [31m


ESC [30m




Meaning
Idle

Start of Text

End of Text

Hard Tab

Delete

Backspace

Carriage Return

Line Feed

Form Feed

Reverse Video

Normal Video

Figure 3.  Barcode Placement
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