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Introduction

This manual describes the functions and specifications of the ES88/E816
expander modules and their configuration for use with a MoTeC ADL. These
devices offer additional inputs and outputs into the ADL via a CAN connection.

ECU Manager software is currently being developed that will allow the M800
family of ECUs to read information from the E888/816.

This manual includes information on connecting a single expander unit to an
ADL or ADL2. The ADLZ2 along with the ADL2 Dash Manager software has
been designed to easily allow the connection of a second expander.

It is possible to connect a second expander unit to an ADL and a third or even
fourth unit to an ADL2 — please contact your MoTeC dealer for details in these
situations.

The SDL is capable of reading data from 8 thermocouples when connected to
an E888. It cannot read analog voltage inputs.
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Overview

The E888 has the following inputs and outputs:

8 Analog voltage inputs (AV 1-8)

8 Thermocouple inputs (TC 1-8)

2 Cold junction compensation thermistor inputs (CJC 1-2)
4 Digital inputs (DIG 1-4)

2 Switch inputs (DIG 5-6)

8 PWM outputs (Aux 1-8)

The E816 has the following inputs and outputs:
e 16 Analog voltage inputs (AV 1-16)

2 Thermistor inputs (CJC1-2)

4 Digital inputs (DIG 1-4)

2 Switch inputs (DIG 5-6)

8 PWM outputs (Aux 1-8)

The E888 uses the two part 60 pin connector also used by the M400, M600
and M800 ECUSs.

The E816 uses a 66 pin Autosport connector, the same as that used by the
M880 ECU.
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Inputs

E888 Thermocouple Inputs (TC1 - TCS8)

The E888 has eight calibrated and compensated type K (-200 to 1250°C)
thermocouple inputs. Thermocouple inputs are calibrated during production.
Note that the thermocouples numbered TC1 — TC8 correspond to pins AV9 —
AV16 in the Dash Manager Input pins setup.

Cold Junction compensations are performed using external sensors or the

E888 internal temperature sensor, according to the following rules:

e If only one of the two external cold junction compensation sensors (CJC1
or CJC2) is present then that sensor is used for compensations on all
thermocouple inputs.

e If both of the two external cold junction compensation sensors are present
then sensor CJC1 is used for compensations on TC1 to TC4, and sensor
CJC2 is used for compensations on TC5 to TCS8.

e If neither of the two external cold junction compensation sensors are
present then the internal temperature sensor is used for compensations on
all thermocouple inputs.

Cold Junction Compensation Inputs (CJC1 and
CJC2)

The cold junction compensation inputs are used to measure thermistor (2 wire
temperature sensor) temperatures for thermocouple input compensation. If the
thermocouple inputs are not in use, or when using the E816, these inputs may
be used as general purpose temperature inputs.

CJC1/2 inputs have internal 1K pull-ups, and are calibrated to use Bosch 0 280
130 023/026 sensors to read from -30°C to 150°C.

Analog Voltage Inputs (AV1 - AV8 or AV1 — AV16)

The E888 has eight 0-5V analog voltage inputs (AV1 to AV8), while the E816
has sixteen inputs (AV1 to AV16). These are suitable for Potentiometers,
voltage output sensors and variable resistance (temperature) sensors (these
require an external pull-up resistor to 5V).
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Digital Inputs (DIG1 — DIG 4)

DIG1 to DIG4 may be used to measure frequency. The frequency
measurement range is approximately 1Hz to 5000Hz. Digital inputs should be
pulled to ground as the inputs have an internal 2K7 to 12V pull-up resistor.

Note: Digital Inputs 1 — 4 can only be calibrated to measure frequency. If they
are used as On/Off switches, then the status information is available in the
CAN template ‘Expander Diagnostics’ — see below

Switch Inputs (DIG5 — 6)

These can be used to measure and On/Off style switch. The switches should
be wired so that the E8xx input is pulled to ground when the switch is activated.

Note: Digital inputs 5 and 6 are not included in the Input Pins setup. Instead
they are included in the CAN template ‘Expander Diagnostics’ — see below.

Input Pin Configuration (ADL)

Sensors connected to the E8xx inputs can be configured in the same way as
those connected directly to the ADL. This requires that the ADL is upgraded to
version 3.1 or later.

In Dash Manager, go to ‘Inputs — Communications’ and select an empty CAN
tab. Click on ‘Select’ and choose ‘Expander Inputs’ from the list.

Tabs for Expander Analog Volt and Expander Digital input pin configuration
can be found under the Dash Manager menu item ‘Inputs — Input Pins’.

The Expander type can be selected from the drop down list. The list of inputs
will then show the input name and pin numbers for that particular expander.

The 16 Analogue Volt and 4 Digital Inputs can now be configured the same
way as other ADL inputs by Selecting a channel and then assigning a
calibration. See the ADL Manual for more details on configuring sensor inputs.
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Rs232 CANT |camz| cen 3| cansa| cens| cans|
icaki : il
SRR <. Cormmunicotions Temela 2
Im Select a template faor thiz communications zection; latect |
BRZ :l
Fecsived [ COI-2 #1 Diag 1 [CAM 1D 148)
BLEIVE CDI-8 #1 Diag 2 [CAM 1D 148)
W COI-2 #1 Diag 3 [CAM 1D 148)
O ENAN L0128 #2 Diag 1 (CAM 1D 150)
CDI-8 #2 Diag 2 [CAM 1D 150)
COI-28 #2 Diag 3 [CAM 1D 150)
E33S A«
Expander Diagnoshics
{Ewpander Inputs
Expander Outputs
GT3-R lgrition detailed id 773
GT3-R Lapz to ECL id 720
GT3-R Mainid 770
GT3-R Speed Lambda (2001 u:ur‘_nI_I,I] id 771 lI
ak. I Cancel Help
advanced... | ] Cancel | Help
Input Pins Setup ilil

Analog R-"n:ultl Analog Templ Laml:n:lal Switchl Digital' Spekd  Expander Analog |

H=pander Digital I

Expander Type : IEEEE j m
[nput IF'in Mo IEhanneI Iﬂ'-.l::l:urev. ILlnits IEaIiI:urati-:un I;I
Extd'S  A30
ExtdE A3
Ewtdy  A3Z
Ewivg A3 _
E«TC1 A1+ /A2~ Esxhaust Temp - Cyl 1 EGT 1 C E283 Expander Thermocouple
ExTCZ2 A3+ /44 Exhaust Temp - Cyl 3 EGT 3 C E838 Expander Thermocouple
ExTC3  Ald+ /A5 Exhaust Temp-Cyl & EGTH C E338 Expander Thermocouple
: 2+ ¢ A1 3 Exhaust Temp - Cyl 7 C E283 Expander Thermocouple j
Charnet Calibration
|7 Select... | Clear |7 Select. .. Change. .. |
Cloze Help
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E888 Thermocouples

Thermocouple inputs 1 — 8 correspond to Expander Analog inputs EXTC1 to
EXTCS8. The calibration used for these inputs is “E888 Expander
Thermocouple” and can be found in the ‘Select Calibration’ list.

Analog "-.-"|:|||:I Analog Templ Lambdal Switn:hl Digitall Speed Expander Analog | E spander Digitall

Expander Type :
[rpuit |F'ir'| Ma. |Ehannel - I.-'-‘«I:ul:nrev. |L|nit3 |Ealil:uratin:|n |;|
EwtvB | A30
ExtWE 431
Ewt7 | A32
ExfivB  A33 I
E«TC1 AT+ /42 Exhaust Temp - Cyl 1 EGT 1 C E283 Expander Thermocouple
E«TC2 A2+ /44  Exhaust Temp-Cyl 2 EGT 3 C E283 Expander Thermocouple
ExTC3 A14+ /A5 Exhaust Temp-Cyl & EGT & C E233 Expander Thermocouple
8124+ 4 41 34 Exhaust Temp - _ E&83 Expander Thermocouple
—LChannel Calibration
Select... | Clear | |7 Select... | Change... |
Open Calibration Table il 4
Laok jr: I ) Calibration T ables j = £ Ef-
Al Bosch 0 280 130 023.C1T AlZ Honda Air Temperature KCIA.C Elp
Al Bosch 0 280 130 026.C1T A Honda water Temperature KCI
BIZ Dash Internal Temperature, C1T BlEMaTeC Brake Infra Red Temp -
Bl Delco ManiFald Air Temp, C1T BlEMaTeC Brake Infra Red Temp -
FESES Expander Thermocouple C1T B MaTeC Infrared Temp PMNSZ2004
BIEFord CosworthSIE. C1T BEMaTeC Thermocouple Amplifier,
J | I
File name: IEEEIB Expander Thermocouple. C1T Open

Files of type: ITemperature calibration files [.C1T) j Cancel
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Outputs

Both the E888 and E816 include 8 Auxiliary Outputs that are individually
controllable for frequency and duty cycle. They are known as PWM — Pulse
Width Modulated — outputs.

The outputs are in two groups (odd and even) with different characteristics as
follows:

Duty cycle for PWM1/3/5/7 is adjustable from 0 to 100% in 255 steps.
Frequency for PWM1/3/5/7is adjustable from 8Hz to 5kHz.

Duty cycle for PWM2/4/6/8 is adjustable from 0 to 100% in 20 steps.
Frequency for PWM2/4/6/8 is adjustable from 1Hz to 100Hz.

The PWM outputs each have high and low side drivers. A duty cycle sent to the
E888 is the low duty cycle ie:

e an output with 100% duty cycle is pulled low

e an output with 0% duty cycle is pulled high

If the frequency for an output is set to 0, then the output is turned on/off
according to the following rules:

e For a duty cycle of 0%, the output is off (ie: pulled high)

e For a duty cycle greater than 0%, the output is on (ie: pulled low)

All outputs are disabled until the first CAN message is received.

Outputs are disabled after no CAN messages have been received for one
second.

Output Configuration

Auxiliary Devices connected to the E8xx outputs can be configured in the same
way as those connected directly to the ADL. This requires that the ADL is
upgraded to version 3.1 or later.

In Dash Manager go to ‘Inputs — Communications’ and select an empty CAN
tab. Click on ‘Select’ and choose ‘Expander Outputs’ from the list.
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RS5232| CaM1 CANZ |can 3| can4| cans| cans]

Select Communications Template T X
. 21 x

I_ Select a template for thiz communications sechion:

[Mare] -

- . BRZ

Rieceived L |01 11 Diag 1 (CAM 1D 148)
Mo chan COI-3 #1 Diag 2 [CaM 1D 148]

CDI-8 #1 Diag 3 [CAM 1D 148)

COI-8 #2 Diag 1 [CAM 1D 150] |
CDI-8 #2 Diag 2 [CAM 1D 150]
COI-8 #2 Diag 3 [CAM 1D 150]
ESE8 R«
Expander Diagnostics
E zpander Inputs
:E wpander Outputs
GT3-R lgrition detaled id 773
GT3-F Lapz to ECU id 730
GT3-R Mainid 770

-
CTAN M e d ] ccal da 200 ol 754 —I

k. I Cancel

x|

|elect... |

ddvanced... k. I Cancel |

Help
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The tab for Expander Output configuration can be found under the Dash
Manager menu item ‘Functions — Auxiliary Outputs’.

Auxiliary Outputs Sy iup ied 4

outs  Expander Outputs |

Froed

Tes Ciuty Ccle Contral

duty = Battery Yoltage at ADL, freq =100 Hz
Bt

Extuxd %

Extiiied

Exéi=b

Exéuxb

Euwturad

Extue=d

Change... Clear...

Cancel Help
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The E8xx outputs can now be configured the same way as the ADL Auxiliary
outputs by selecting an output and then setting the control channels and
parameters.

le: Outputs can be on/off, controlled by frequency, duty cycle or a combination
of frequency and duty cycle. Note that appropriate control channels will need to
be generated for these functions. See the ADL Manual for more details on

configuring outputs.

Auxiliary Output Settings el pd

—Mode
Output Mode : | Duty Cycle Contral * ¥ Enabled
ff
—[Diuty Cycle Charr Eﬂlt:”f
GP 10 dos Dty Cucle Contral L
I 19 dps) Frequency Control —|
Druty Cocle & Freguency Contral e

Channel value for T2 dumy cocle o

Channel walue for 100 % duty cycle I'I a0
—Frequency
Fized frequency : 100 Hz [Hz]

Q. I Cancel Help
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E8xx Diagnostic Information

Additional status information is available from the E8xx along with the state of
the 2 Switch Inputs and the temperatures measured on the 2 thermistor inputs.
This information can be accessed by selecting an additional CAN template in
the Dash Manager communications setup.

Go to ‘Inputs — Communications’ and click on a blank CAN tab. Then ‘Select’
the template “Expander Diagnostics”.

Communications Setup ilil

— T emplate

E=pander Diagnostics Select... |

—Recernved Channel

|dentifier 1 |Identifier2 |dentifier 3 | |dentifier 4 | |dentifier & IdentifierEI

ER38

EB38 Cold Junction Comp 2
Internal Temp - ESxe

[] Efux Digital Input 3 state
[] Efux Digital Input 4 state
EBux Digital Input & ztate
EBux Digital Input & ztate

Advanced... | QFE. I Cancel Help
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Test Analogue Inputs

It is possible to view the current ‘live’ voltages on the expander’s analogue
inputs using a PC connected to the E8xx via an ADL. In Dash Manager select
the menu item ‘Online — Test — Analogue Inputs’. Then click on the tab
‘Expander Analog’. This is very useful for testing wiring and sensors, and even
determining which sensors are connected to which inputs.

Test Inputs

[t W alue
E et 0,000
Emd 2 0,000
Ewd3 1.129Y
Ewdid 0000
Ewdih 0000
Ewdif 0000
E i 7 0000
Ewdd 0,000
Ewdg 0,034
Ewd10 0zo
Ewdi11 0096
Eumdi12 004
Ewti13 010y
Ewti14 0030
Ewdi15 0132
Ewt1E 0,034

Test Auxiliary Outputs

Similar to the ‘Test Analog Inputs’ function, this screen allows the Auxiliary
Outputs to be tested. In Dash Manager select the menu item ‘Online — Test —
Auxiliary Outputs’ then click on the tab ‘Expander Outputs’.

To test an output select the desired output from the list then enter a suitable
Duty Cycle and Frequency then click the Start button.
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100% duty cycle corresponds to the output fully On (Low Voltage), 0% duty
cycle corresponds to the output fully Off (High Voltage). The frequency should
be chosen to suit the device.

Test Auxiliary Outputs ed o

ADL Outputs  Expander Outputs |

—Olutput

Cutprat b ode Cruby Frequency

E wdipe2
Ewdip
Ewdured
Ewduxb
Exdreb
Ewdure?
Ewdnd

—aus Oubput Test Parameter

Duty Cycle : IED :ll %  Frequency: |50 ﬂ Hz

Clear Al |

Cloze | Help
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Communications

CAN

The CAN bus is used for PC communications during testing, calibration and
firmware upgrades, and for communicating to the ADL or M800.

The following data is transmitted by the ES88/E816 at 200Hz:
e Thermocouple temperatures

e Analog input voltages

e Digital input frequencies

The following data is transmitted by the E888/E816 at 50Hz:
Cold junction compensation temperatures

Digital input states

Output driver faults

Internal temperature

Internal voltages (-5v, 8vAux, 5vAux, Vbat, 4.5v)

E888 status flags

E888 firmware version

The following data is received by the E888/E816 from the ADL.:
e PWM outputs frequency and duty cycle
e PWM outputs disable

Firmware Upgrades

At times MoTeC may release Firmware upgrades for the E8xx Expander units.
Upgrades are performed over the CAN bus using the Dashsend utility with a
MoTeC CAN cable.

The Dash Manager installation adds an icon to the Start menu to perform the
E888 firmware upgrade.

See the item under ‘Start — Programs — MoTeC — E888 and E816 Expander
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Appendices

Appendix A: General Specifications

Physical and Environmental

Case Size 99 x 105mm x 40mm
Weight E888 310g

E816 320g
Temperature Range -10to 70°C

Power Supply

Operating Voltage 9-22Vv DC
Operating Current 150mA (excluding sensor currents and outputs)
Protection Battery transient protection

Reverse battery protection via external fuse

CAN Communications
CAN bus speed 1Mbit/s

No CAN terminating resistor onboard
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Appendix B: Input Characteristics

K-Type thermocouple Inputs (E888)
Range -200 to 1250°C
Resolution 1°C
Accuracy (excluding cold junction errors):
e E888 case temperature 25°C, +/- 2°C Typical

e E888 case temperature -10 to 70°C, +/- 4°C + 2% measured
temperature

Filtering Oversampled for anti-aliasing
Update rate on CAN 100Hz (CAN address 0xOFO or OxOF8)
50Hz (CAN address 0x0F4 or OxOFC)

Analog Voltage Inputs

Range 0 to 5V

Resolution 4.89mV (10bit conversion)
Input Resistance 100Kohms to OV

Filtering Oversampled for anti-aliasing

Update rate on CAN 200Hz (CAN address 0xOFO0 or 0xOF8)
50Hz (CAN address 0x0F4 or OxOFC)

Internal Cold Junction Compensation sensor-
Resolution 1°C
Accuracy

e E8XX case temperature 25°C, +/- 2°C

e EBXX case temperature -10 to 70°C, +/- 4°C

External Cold Junction Compensation Inputs (Bosch
0 280 130 023/026)-

Range -30 to 150°C
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Resolution 1°C

Accuracy -10 to 70degC measured temperature, +/- 1°C + Sensor accuracy

Digital Inputs (Schmitt Trigger)

Pullup resistor 2700 ohms to 5V
Voltage range 0 to 15V

Positive trigger threshold 3.5V max
Negative trigger threshold 1.0V min
Hysteresis 0.5V min

Freq Range (for inputs 1-4) 1Hz to 6kHz

Freq Resolution (for inputs 1-4) 0.1Hz

Minimum Pulse Width 0.05mS

Update rate on CAN 200Hz (CAN address OxOF0 or 0xOF8)
50Hz (CAN address 0xOF4 or OxOFC)
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Appendix C: Output Characteristics

Outputs
Current per output when using the given number of outputs:

e 1 OQutput 3.2A

e 2 Qutputs 2.3A

e 4 Qutputs 1.6A

e 8 Outputs 1.1A
Duty cycle resolution (high speed outputs) 255 steps (0-100%)
Frequency Range(high speed outputs) 8Hz to 5kHz
Duty cycle resolution (low speed outputs) 20 steps (0-100%)
Frequency Range (low speed outputs) 1Hz to 100Hz
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Appendix D: CAN Wiring — Multiple Device

The CAN bus should consist of a twisted pair trunk with 100R (0.25Watt)
terminating resistors at each end of the trunk.

The preferred cable for the trunk is 100R Data Cable but twisted 22# Tefzel is
usually OK.

The maximum length of the bus is 16m (50ft) including the MoTeC CAN Cable
(PC to CAN Bus Communications Cable)

CAN Devices (such as MoTeC ADL, BR2 etc) may be connected to the trunk
with up to 500mm (20in) of twisted wire.

The connector for the CAN Communications Cable may also be connected to
the trunk with up to 500mm (20in) of twisted wire and should be within 500mm
of one end of the trunk. If desired two CAN Cable connectors may be used so
that the MoTeC CAN Cable may be connected to either side of the vehicle.
Both connectors must be within 500mm of each end of the trunk.

L00R Terminat CAN Cable
erminatin . .
Boeistore nt sach These wires must be Twisted Connector

end of the CAN Bus Minimum one twist per 50mm (2in) ™ HL
ov

5
4

’/ 500mm| =z O oy
:
<< CAN Bus >> Max| 2 2 ¢

or LCAN-HI b N
S [CAN-LO 3
8 @ py)

=l o

I

S <>

35 500mm Max

CAN Device CAN Device || CAN Device
eg BR2 eg M800 eg ADL

Short CAN Bus

If the CAN Bus is less than 2m (7ft) long then a single termination resistor may
be used. The resistor should be placed at the opposite end of the CAN Bus to
the CAN Cable connector.



20 Appendices

Appendix E: E8xx to ADL Wiring

E8xx Bat - ADL
i TR I G
Power See pin list 8 Bat + oV 71 ; oV
CAN-LO [ B24/47 730r 751 o AN-LO 72 3
CAN.H [B23/54 , 7400 76| < \\ i 8V 4 8V
5

100R

CAN-HI
CAN-LO

/

See the CAN Bus Any Other Any Other
Wiring Specification CAN Device CAN Device
for more Detail

E8xx Power and Ground Wiring
Bat + Bat -

E888 | Al7, B8, B9 A10, Al11, B15, B16
E816 | 28, 29, 30, 37, 38,39 | 13, 14, 15, 19, 20, 21, 22

Additional Power and Ground pins are provided to simplify wiring and to meet
the current requirements of any devices connected to the PWM outputs.

As a general principle, if no outputs are being used, then wiring one power and
one ground pin is sufficient. If the expander outputs are used, then all power
and ground pins should be wired up.
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Appendix F: E8xx to M800 Wiring

Note that this also applies to the M400, M600 and M880 ECUSs.

E8xx Bat - ECU
See pin list Bat + CAN Cable
Ground P I Connector
Power See pin list oV 71 ; ov
CAN-LO 224147 B2/ 47} caN-LO oy 72 3lgy
CAN-HI B23 /54 , B23 /48 CAN-HI p
5

CAN-HI
CAN-LO

100R

/

See the CAN Bus Any Other Any Other
Wiring Specification CAN Device CAN Device
for more Detail

E8xx Power and Ground Wiring
Bat + Bat -

E888 | Al7, B8, B9 A10, Al11, B15, B16
E816 | 28, 29, 30, 37, 38,39 | 13, 14, 15, 19, 20, 21, 22

Additional Power and Ground pins are provided to simplify and to meet the
current requirements of any devices connected to the PWM outputs.

As a general principle, if no outputs are being used, then wiring one power and
one ground pin is sufficient. If the expander outputs are used, then all power
and ground pins should be wired up.
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Appendix G: E888 Pin List by Pin Number

The E888 uses a 34 + 26 pin connector pair with the following pin-out:

Pin Function Pin Function
Al TC1+ Bl PWM1

A2 TC1- B2 PWM2

A3 TC2+ B3 PWM3

A4 TC2- B4 PWM4

A5 TC3- B5 PWM5

A6 CJC1 B6 PWM6

A7 CJC2 B7 PWM7

A8 B8 BATTERY +
A9 B9 BATTERY +
A10 BATTERY- B10 DIG2

All BATTERY- B11 DIG1

Al2 TC4+ B12 DIG5

Al3 TCA4- B13 PWM8
Al4 TC3+ B14 oV COMMS
Al15 ov B15 BATTERY-
Al6 8V B16 BATTERY-
Al7 BATTERY+ B17

Al18 TC5+ B18 DIG4

Al19 TC5- B19 DIG3

A20 TC6+ B20 5V

A21 TC6- B21 oV

A22 AV1 B22 8V

A23 AV2 B23 CAN HI
A24 AV3 B24 CAN LO
A25 AV4 B25 DIG6

A26 TC7+ B26

A27 TC7-

A28 TC8+

A29 TC8-

A30 AV5

A3l AV6

A32 AV7

A33 AV8

A34 5V
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Appendix H: E816 Pin List by Pin Number

The E816 uses a 66 pin autosport connector with the following pin-out:

Pin | Function Pin | Function
(E816B) (E816B)

1 34 PWMS8

2 PWM7 35 CJC1

3 PWM6 36 8V

4 37 BATTERY+

5 AV11l 38 BATTERY+

6 AV10 39 BATTERY+

7 PWM5 40

8 41 DIGITALIN 5

9 AV9 42 DIGITAL IN 6

10 43

11 | AV12 44 | AV14

12 0oV COMMS 45 8Vv

13 BATTERY- 46 5V

14 BATTERY- 47 CAN LO

15 BATTERY- 48

16 PWM4 49 PWM3

17 CcJC2 50

18 ov 51

19 BATTERY- 52 | AV15

20 BATTERY- 53 5V

21 BATTERY- 54 CAN HI

22 BATTERY- 55

23 DIGITAL IN 1 56 PWM2

24 DIGITAL IN 2 57 | AV16

25 58 | AVl

26 | AV13 59 | AV2

27 ov 60 | AV3

28 BATTERY+ 61 PWM1

29 BATTERY+ 62 | AV4

30 BATTERY+ 63 | AV5

31 64 | AV6

32 DIGITAL IN 3 65 | AV7

33 DIGITAL IN 4 66 | AVS8
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Appendix I: E816 Connector

Mating Connector
Deutsch : AS6-18-35SN

Wire
Wire to suit connector : 22# Tefzel, Mil Spec : M22759/16-22

Crimp Tool
Crimp Tool : M22520/2-01
Positioner for Crimp Tool : M22520/2-07

¢ Note that the Crimp Contacts are type 22D (this is needed to set the crimp
tool correctly)

Wire Stripping Tool
The following tool is recommended

Ideal Industries 45-2133 stripping tool with LB1195 wire stop.

Heatshrink Boots
Straight : Racychem 202K153, Hellermann 156-42-G
Right Angle : Racychem 222K153, Hellermann : 1156-4-G
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