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Calibration

Calibration of sensors (pack and AMS sensors) is done by adjusting the values in params.h in
source code.

Slope and offset values are used in all cases. Sensors should be calibrated in the test stand
with lab power supplies providing power. To calibrate a sensor, its slope cal factor should be
set to 1.0 and offset to 0.0. Output on the LCD screen will then be the raw sensor value. Data
points at the high and low end of a sensor should be taken and compared with values measured
with a calibrated device to calculate slopes and offsets.

Data collected for calibration (and the calculations of cal factors) can be found in xIsx format at
the following address:

https://sites.lafayette.edu/ece492-sp16/files/2016/05/CalData.xlsx

State Transition Diagram

Transitions to LOW_CURRENT, CHARGE and CHARGED are
locked when system is in DRIVE or DRIVE_TEST. PacMan State
FAULT includes cell temp >60 C, cell voltage >4 V or <25V, Dlag ram

pack voltage >26 V, and unresponsive AMS board.
DEAD

CAN, LCD, and 12C operate the same in all states.
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https://sites.lafayette.edu/ece492-sp16/files/2016/05/CalData.xlsx

PacMan Software

The current version of PacMan software is v 0.14 and source code is available at the following
address:

https://sites.lafayette.edu/ece492-sp16/files/2016/05/pacman_software vO 14.zip

The tool chain is unchanged from previous versions of PacMan and details about it are available
at the following address:

http://sites.lafayette.edu/ece492-sp15/files/2015/12/PACMAN Programming manual.pdf

The software is built on the Atom Threads RTOS. Atmel TWI and CAN libraries are utilized to
achieve communication. All configurations (I2C addresses, CAN addresses, calibration factors)
are stored in params.h

The code in main.c sets up tasks listed in tasklist.c and starts the RTOS. Functions that
generate LCD screens are detailed in Icd.c. Functions that utilize TWI libraries to perform 12C
communication are detailed in i2c.c. The remaining c files detail tasks that run continuously:

task_button.c - retrieves button presses on the control panel

task_can.c - transmits CAN messages

task _charge.c - performs integration of current and calculates state of charge
task_config.c - performs state transitions

task _gui.c - calls function in Icd.c to set the display output

task_hearbeat.c - blinks an LED on PacMan to indicate the computer is operating
task_i2c.c - calls functions to perform I2C communication tasks

task_safety.c - opens and closes the safety loop relay

task_watchdog.c - resets off chip watchdog

Schematics

PacMan

Attached are schematics generated from KiCad. The KiCad project is available at the following
address:

https://sites.lafayette.edu/ece492-sp16/files/2016/05/pacman_hardware rev 0 5.zip



https://sites.lafayette.edu/ece492-sp16/files/2016/05/pacman_software_v0_14.zip
http://sites.lafayette.edu/ece492-sp15/files/2015/12/PACMAN_Programming_manual.pdf
https://sites.lafayette.edu/ece492-sp16/files/2016/05/pacman_hardware_rev_0_5.zip

Accumulator

Attached are schematics generated from KiCad. The KiCad project is available at the following
address:

https://sites.lafayette.edu/ece492-sp16/files/2016/05/accumulator.zip

Bill of Materials

PacMan
A csv BOM generated from KiCad is available at the following address:

https://sites.lafayette.edu/ece492-sp16/files/2016/05/pacman-main.csv

Accumulator
A csv BOM generated from KiCad is available at the following address:

https://sites.lafayette.edu/ece492-sp16/files/2016/05/accumulator.csv



https://sites.lafayette.edu/ece492-sp16/files/2016/05/accumulator.zip
https://sites.lafayette.edu/ece492-sp16/files/2016/05/pacman-main.csv
https://sites.lafayette.edu/ece492-sp16/files/2016/05/accumulator.csv

POWER ELECTRONICS

**DC—-DC Switching Power Regulation**

5V and 3.3V outputs are isalated from High Voltage,

but not each other

Isolated Power Supply
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FTDI USB UART
FTDI USB UART
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RESETDH
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SAFETY LOOP WIRING

afety loop Wiring
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CAN TRANCEIVER

CAN Transceiver
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External Connector

EXTERNAL CONNECTORS
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PG2(ALE) (0C1A)PB5 b2
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PEO(RXDO/PDI) (SCL/INTO)PDO
PE1(TXDO/PDO) (SDA/INT1)PD1
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HIGH VOLTAGE INTERFACES HIGH VOLTAGE i LOW VOLTAGE
HIGH VOLTAGE POWER ..
PAC K + - PWR_FLAG PWR_FLAG
-7 PACK— This power supply is responsible for delivering non—isolated 5V AMS_RESET _
[ powe? to the ﬁipg vottagz electronics. All AMS bus connected
[COW_DET) LOW_DET devices are powered from this regulator. Maximum current draw +5V
CHRG DET 250mA. This Switcher was selected for its high efficiency even at light load. GND
[CHRG_DET) = PWR_FLAG
SDA_HV 350uA .
SCL_HV 5V_HV
S AMPS 220u P SDA o5pa
5V_AMPS _ scl
E——
CURRENT_AV_1)——AMPS N oth
CURRENT_HV_2 AMPS_ ekt J] e ke
PWR_FLAG 1u e E & “Trou Twu
q
HV_GND PACK-— HV_GND HV_GND
PWR_FLAG A A A @ A4 A4
Bypass
5V_HV SV_HV ((:E;E)ac'\tm
B |2C Address 0x48
Cgpzsc?tm 23 s (see datasheet page 14) [2C PULLUP
(U4 5V_HY 5V_HY I2C ISOLATOR
PACK VOLTAGE SENSOR R
[se)
AND CHARGE SENSOR HV_GND s vy O™ AL
vDD1 vDD2 -
PACK+__ 5V_HV ° AMPS_1 41 AINO s ADDR | HV_GND @
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e INA226 . ?c)ﬁm T v cno SCLHY | |
IN- 2 SCL PP———"— O = ; H
5 s
~ HV_GND HIGH VOLTAGE : LOW VOLTAGE 3.3V Linear Regulator
+5V us +3.3V
12C Aéidgesi O;(lm 18) NCP1117ST33T36
see datasheet page
deitionat docur?we%tation HV_PWR 22 yin+ VOUT+ vi vo |-2 +3.3V
of the use of this component c9 23| N+ vouT- 16 Q °
o reqd. NCS&LSJZNSC 2AS T
10 & o |
HIGH VOLTAGE DIGITAL 1/0 HV_GND : 2 n- A =
This 1/0 expander is responsible for relaym% M= e
digital signals accross the HV—LV isolation barrier

via the |

C bus.

2C Address 0x40

Maximum Current Draw on 5V output: 1.2A

5V_HV (see datasheet page 13) The flyback regulator responsible for delivering
5V_HV R10 5V isalated power to low voltage systems has been

o 40uA replaced with an isolated DC/DC converter. This

PCFB574A us is due to the insufficient output current (300mA)

— o available when assembled. ost is comparable.
CHRG_DET S gL Lk SCL_HV
AMS_RESET spa |45 SDA_HV
A0 L HV_GND
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N o3 HV_GND
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SAFETY_CTRLD———SLOOP_CTRL
CHARGE_CTRLD———CHRGCTRL

FAN_CTRLD——F AN CTRL

SLOOP_DET SLOOP_DET

OPTO—ISOLATOR ON SL CLOSED SIGNAL

This device provides a_galvanically isolated signal to the
microcontroller to_let it know the ‘safety loop is closed in
all components. The HV current sensor is enabled as a
result. This mean the AIRs should be closed if functional.

SLOQOP_A3 T 1 U13 vee 6 o +3.3V
7
v @ 5 SLOOP_DET T“
SLOQP_A4 3 GND 4 o GND
TLP2361

HIGH SIDE P—FET DRIVER

This device is respansible for driving the
high side p—fet switches.

CHRG CTRL 1], 4, |6 THRG CIRL
u10

FAN_CTRL 3l op o ovlt FAN_CTRL

GND 2| RN7HLVe2608 |5 +3.3V

SAFETY LOOP RELAY

GROUNDED LOW VOLTAGE

+3.3V +5V
This relay is responsible for switching the PACMAN safety loop
connection ON/OFF. The lights show E%he user at a glance if +3.3V +5V
the safey loop is open or closed.
GND
This relay is capable of switching 8A.
The SLOOP_CTRL signal is active low.
SLOQP_CTRL = ﬁl atnhd B1 Tnsharetihortefdt
iy ogether only when the safety SLOOP_A1
D21 < l i t thi Co2u R AL
o ﬁL oop is nat opened by this board SLOOP B1
SK310A-LTP P ~ Voltage between A3 and A4 SLOOP_AS |
RLY1 & <] griattertthan. 0 mteans ths b SLOQOP_A4
safety loop is not opened by
GND N E 2 +3.3V i
24 any other camponent in the
i system. HFA'\hL
SLOCP_A1 I SLOOP_B1
G5LE—-1A4 DC3
l SLOOP_A3)
1 (LED+] [LED—)——{SLO0P_AR)

FAN CONTROL P—FET

This MOSFET is responsible for switching the charge fan ON/OFF.

The fan will not come on automatically when charging begins,
it is controlled by the software.

Fan Output Voltage: 5V

+5V °

RRRO15P03TL"]

D18
SK310A-LTP

GND

CHARGE CONTROL P—FET

This MOSFET is responsible for connecting the CHARGE relays
when the pack charger has been connected. Power is supplied
from either the pack terminals,

Coil Output Voltage: 5V

or USB connector.

sregy
CHRG_CTRL o1 1 2 GND
—_—
R23 CHAR&
+5V °

RRRO15P03TL"]

D19

SK310A-LTP

PACK+
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GROUNDED LOW VOLTAGE

+3.3V +5V
+3.3V +5V
CANTXD CANTX GND
CANRXD——CANRX
CAN TRANCEIVER
V
Ut M
+5V CANRX PN
CANTX 1o S cann |2 <:|CANH
c19 5 8I8
Ve, oL | {CANL
0.1u rl [T — P
R24 JMCP2551-1/SN
NOTE: DO NOT populate R26.
R26 provides the ability to use this board
as a terminating CAN node in development only.
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GROUNDED LOW VOLTAGE
+3.3V +5V
+3.3V +5V
GND
VUSB
USBD+ [0580%)
USBD-{u5mp-)
RESET
—==—-0DRESET
USB UART
XD o1xp
This is an FTDI USB Serial Converter IC,
it can be used to ug load code, configure L}RXD
the device, or transfer debudggmg information
if the software is configured properly
Drivers available for Windows, Mac 0S & Linux
u12
USB BOOTSTRAP POWER A ) o
VUSB 20 | yce e RXD FTDI Reset C ti
This diode is used to power the RXD 3 eset Lonnection
PACMAN computer board when RTS N3 RESET I DTR
the battery pack has been fully USBD— 16 | sgp-— cTs K11 ¢ 1=
discharged. If voltage is not USBD+ 15 | yspp+ DTR 2 DTR o0
resent between PACK+ and OCR 9
ACK—, then this diode will allow 10 x
the USB #)ort to supply up to 19 DCD = X
500mA of sustained current. X—=2-01 RESET Rl A—2—x
For periods less than 0.1 CBUSO |—23
seconds, 1A can be drawn. w—21_10sc) CBUST 22 x
»x—28 1 0sco cBUS2 13
oV cBus3 14
17 1 3v3out cBUSH 12 x
> VUSB
SK3L0A-LTP S oot
L 2335 &
04u ™ o < o FT232RL
N N A NN
A4
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HIGH VOLTAGE GROUNDED LOW VOLTAGE
“Eg +3.3V +5V
gj:-z USB UART —
e T4 o @ +3.3V +5V
P1 = GND

CHRCJE A jumper in the
Anderson charge

R21 connector pulls an
input low on the
HV 12C expander,

LDETECT
[
-
-
3

— K

Or— 1 corresponding to

ELOW*DET either charge or

sl PACK - low current output.
R36

P3

EXT 12C

AM S:RESET

[VUsE) VUSB
GND

GND Shield 2 smamj
6 5

PACK

detail in the pack wiring diagram.

GPIO HEADER

0.1" IDC Connector

USBD+:IUSBD+

SAFETY LOOP A/B

WIRING HARNESS APPLICATION NOTE

tF’hort J2kis a DB—h37 backptanetgonnecttor, whicth wHLth connecte{d to
e pack wiring harness via solder pot connections. The wiring o SL
this connector, and its inputs/outputs are described in more m(

SLOOP_AL)

O0P_A3)

SLOOP_A1 and SLOCP_B1
pins are shorted together

Pins in these sections are connected to obsolete!
They may be used,

signals in the test stand.

but the test stand must be updated as well.

[SCooP_B1).
only when the safety loop is closed. s pop_B3

O
—
N

SLOOP_A2

SLOOP_B2

SLOOP_B4

O|lO|O
O O O O

-

FAN

Lo

40
—o0
0
+—oO
O o
'e) E
O O
Ext Lu Interf Board 11 =
xternal User Interface Boar Lo =
IV GND 5V_AMPS X;X%T—O 8
RO e s o | ¢
CURRENT_HV_2 14 13 9 =
12 11 2 1o =z
27 —
10 o109 -2l ol &
on = M N HT 8 E 7 26 o 3
6 5 - %‘O 2
This RJ11 (RJ12 with center 4 3 25 © @
four pins utilized) connected 2 1 x 6 O
allows the BBM—-01 current PL XT{)
sensor to connect to the board. XT—O
This connector contains pins for 12C communication X—=—0
5B | oz with the LCD screen, input from control panel 243 O
7 push buttons, and to illuminate the pack alile LED. et
SHELDA . If, at a later time, more complicated LCDs, or 22 ° o
13 RJ12 more /0 is required these pins can be utilized. 3 o
21 o
GLV HARNESS [@m 2 1o
CANL O
GND)eND o1 o
AVR DEBUGGING
JTAG Programmwpr%g/Debug Header DEVELOPMENT ONLY
TeR)LCK 1 2 GND Engineer: Geoff Nudge
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Z ) NOTES .
= o
00 AWG S S 1) Fuse holder wires are fitted with crimp connector rings (left). PLY
P2 p 9 i
4 1/\32 ,,,,, 1 gcz}‘ 1 E]%‘ % gOftA\GJEBPSSTbﬁLVE cable is fitted with crimp connector (right). %%
CELL1-) = able =
FUSE £ & 4) An additional relay and splices on safety loop wires are req’'d on 5‘
S d 1 of the 4 accumulators in a vehicle. It is located between =3
=2 ~ CELL1- and the 200 A fuse. e
£3 5) Anderson Power connectors require each 1 black 1327 and 1 red 1327
5 Py housing. The snap in recepticle also requires 1 black 4827 housing.
AlR1 AIR2 1.5 Below
CELL7+ E§ 6) Bgue italic numbers are the wire labels applied in an accumulator.
,,,,, = 15
< & p52 pﬁa P7
« E S i) My R Wy 1
2 S‘PB :‘ E 2
=
Aot - = 18 AWG <18 AWG. He2TBLAcK
| e P12 P13 Ty-- J
W )5 30APLUG  30A_RECPT EEPQ WIRE INCLUDED WITH SENSOR 13 12.19 1 RED 1] (3l 150
=2 ] P14 5 o
(3 [ - e e s s a1 A we 2L 132 2FE
Wl 2 2 2 CELL7% 1 1/\32 RED 3 4 49 F’173 J2_18 co |
= o+ FUSE — 12 .36 4 YELLOW 4 ad 4 4 =
5 i RED | - 5 BLACK ? : 181 p1 2 1217 8 5 faga 5 BLACK 1 =0
3l 1s . CELLI-)—— F@J e o 20 Pt 1235 2 6 | |23 e GREY 2 L i
2| T ) :iiﬁw - 1 [ 2 CONN_01X04 P21 1216 10 7l |z2| 47 GREEN 3 S‘
s 55 BE jlo P2 2 1234 11 :EB=‘UU='8 - L,‘:@‘
z 1 —— 2 CONN_01X02 1245 —X T x4 =+2x N
s 4 EZ*; 12.33 —x N N x5+
T2 AWG - J2_14 —X 13
Battery of Cell FACK CONN_01X02 1 P18 2 o 1232 —x cow,mxgzma P172ll« AWG (Included) SV_FAN
- - 15 [ RED
SDA_HV g § 2 P32 ﬁéf 16 L aiack 2 3 E 2 PUR
S — ™
o L5 Ts St 1212 —x “ 18 AWG CONN_01X02
£ - 12_30 —X P19
SCL_HV 91510 P35 - 1z
AMS_RESET 115 12 o J2.11 —x LFE,
— - 1229 —X i
battery.sch ---4--- 28 AWG RIBBQON , 22, oY, SL3 3L o
4 3 P4t 228 —x P200 GND B1
P4_2 1 =
P21 P25 b -] P4_3 2.9 —X 2 S 4
1032 17 8 7 = 1227 —X I
I 2 - 1 P4_t SL.4 3| |o
3 8 18 fycc 2 4 3 10 9 128 —X <
5 6 19 PBO P45 12.26 —X
= 6 20 SDA 33y |3 6 5 12 9 11 P4_6 — 1 P23 P24 1 ----18 AWG 1 b
ScL P‘Bl 4 8 7 14 X413 P47 2.7 —X o
CONN_O1X04 k- 510 9 161 5115 P48 1225 —xX 2 2 2-g
6 12 11 18 = _[17 J2_6 —X 3 3 3 -+
PB2 3 20| & 19 P49 J2_24 —X 4 a3 4 4 e
tos [ 2 1a[ 13 3 pato AL 22X - s |55 s 1
a3 |8 16] 5 [15 22 2 P4_11 5 39
: 24 23 1223 —X 6 17| 6 2 |,
9 18| =z _[17 P4_12 ZZ o
ADC1 Z % Y 24— AREE N 39
CTRL_PNL gy 20 20019 P4_13 5 5 53 - ‘
T aoco it 2217 121 28 — P4_1h g2 x8 |00 48y x|
12 24 23 30 29 P4 15 )23 5 L —Ix %3215
A2 PB5 22 31 - 1221 Z 1oL 10 LR
5v 13 26 25 P4_16 122 12 — — T
ScL 14 28 27 — P 75
J2_20 de
RESET (1530 29 B % 16 AWG
SDA 16 32 31
28 AWG RIBBON
i 728 AWG RIBBON
: i P26 LCD_4x20
é ‘20 ; o RLY1
= 6 3 ‘égi SL3 2.5 SL&
7 8 3 !
SCL U1 i
CONN_01X04 ARL 1 i~ . . )
4 3 AIR2 Supervisor: Chris Nadovich
AIR Engineer: Geoff Nudge
Lafayette College
Sheet: /
File: accumulator.sch
Title: Accumulator Wiring Diagram
Size: A4 [ Date: 2016-03-09 Rev: 1.0
KiCad E.D.A. kicad 4.0.2-4+622538ubuntul4.04.1—stable Id: 1/2
i [ 2 [ 3 [ [ [ 5 [




CELL4L CELL3-— CELL2— CELLL—
4 4 4 4
0, 28 AWG RIBBON 0, 28 AWG RIBBON b 28 AWG RIBBON b
P S Nz < mep 1 P28 _ S L P29,  mED 1 P30 _ S L 3 < RED 1 P32 _ S L P33,
PACK— PACK- PACK— PACK- PACK- PACK— PACK- PACK— F-aPACK-
2 8 lpany M5 spany |2 2 2 8 lpany M5 spany |2 2 2 8 lpany AMS spany |2 2 2 8 lpany AMS spany |2 =—<]SDA HV
X 9 5v_Hy SV_HY [3 X X 9 5v_Hy SV_HY [3 X K 91 5v_Hy 5V_HV [ K K 91 5v_Hy 5V_HV [ =n—<:|5v HV
41 140 I pack— PACK— 2 4 41 140 I pack— PACK— 2 4 4 L [0 fpack- PACK— [—2 4 4 L [0 fpack- PACK— [—2 =—GPACK7
2 11 fsciny SCLHV |2 2 2 11 fsciny SCLHV |2 2 3 11 fsci_ny SCL_HV |2 3 3 11 fsci_ny SCLHV = =42-qSCL_HV
—2t= 12 1 AMS_RESET  AMS_RESET |8 6 6 12 f AMS_RESET AMS_RESET |2 6 6 12 | AMS_RESET AMS_RESET |2 6 6 12 | AMS_RESET AMS_RESET - -6 QAMS_RESET
CONN_01X06 + CONN_D1X06 - CONN_D1X06 + CONN_D1X06 - CONN_01X06 + CONN_01X06 - CONN_01X06 + CONN_01X06
A3 A4 E A5 = A6
M‘ M) M| M|
bt bt bt bt
CELL4L CELL3+ CELL2+ CELLL1+
‘ CEE5 - ‘ CEtE6— ‘ CEE7—
| k4 |
~i ~| ~i
4 28 AWG RIBBON 4 28 AWG RIBBON 4
P35 S P36 - P37 S P38 L P39 S
RED 1 L | pACK- AMS  PACK- 7 1 RED 1 1| pack- AMS  PACK- 1 RED 1 L | pACK- AMS PACK— —L—x
2 2 1 SDA_HV SDA_HV -8 2 2 2 1 SpA_HV SDA_HV B 2 2 2 1 SDA_HV SDA_HV -8
3 3 1 5v_Hv 5V_HY 2 3 3 3 1 5v_Hv SV_HV |2 3 3 3 1 5v_Hv 5V_HY 2x
4 4 | pAcK— PACK— |0 4 4 4 | pACK— PACK— |0 4 4 4 | pAcK— pPACK— 105
-] 5 1 scL_Hv scL_Hv 1 3 -] 51 sCL_HV scL_Hv AL -] 3 5 1 scL_Hv scL_Hv Hdx
6 148 1 AMS_RESET AMS_RESET H12{ 46 & 6 | AMS_RESET AMS_RESET 12 —-b 6 6 | AMS_RESET AMS_RESET 12
- CONN_01X0§ + CONN_01X06 - CONN_01X06 + CONN_01X06 - CONN_01X06 +
28 AWG RIBBON A7 @ A8 = A9 @
M) ™M) M)
~ ~| ~
CELL5+ CELL6+ CELL7+
|CELL1+? |CELL2—§ |CELL3+? |CELL4—§ |CELL5+? |CELL6—§ |CELL7+j
CELLL CELLS == CELL5 CELL7
CELL2 [ —> CELL6
[CELLL T |CELL2+1 |CELL3—3 |c5u4+j |CELL5—3 |CELL6+1 |CELL7—3
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