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How are you all liking EXPO at San Antonio so far? (test to see you guys log in and manage the
survey)

| love it! It's awesome

0
| love it! The hotter the better!

0
| love it! I'm selling my house and moving here

0
| love it! | partied with "The Weeknd" last Wednesday night!

0

Start the presentation to see live content. For screen share software, share the entire screen. Get help at pollev.com/app




“u

How would you rate your knowledge when it comes to electrical fundamentals? 70

Pretty darn good

0
Okay, but there’s always room to learn more

0
Definitely room for improvement

0
Help, I’'m not strong in electrical at all!

0

Start the presentation to see live content. For screen share software, share the entire screen. Get help at pollev.com/app 3




“u

How would you rate your skills when it comes to electrical diagnhosis?

Strong! Electrons are my friends

0
| manage, but | do scratch my head a bit

0
Definitely room for improvement. | have a high capacity parts cannon

0
They don’t let me mess with electrical. I'm just allowed to plug in the Milwaukee batteries.

0

Start the presentation to see live content. For screen share software, share the entire screen. Get help at pollev.com/app 4




Southern lllinois University - SIU

* 4-year Automotive Technology Program
* Not engineering
 Service focused, but includes management training
* Many transfer AAS students

* Opportunity for faculty to dig deeper into operation and diagnosis



intro: Planetary Gearsets

Intro: Clutches and Bands

Iintro: One-way Clutches

Intro: Torgue Converters

Intro: Oil Pumps

iniro: Elecironics

Test: Infro to Auto Trans

Automatic Transmission Curriculum

6Txx HP Tuners

Color Legend

More challenging,
but more rewarding!

Intermediate level
of challenge

Easiest to understand
and digest

Required intro
curriculum




Southern lllinois University - SIU

Video
Video {* Worksheet
[ Workshest / Lab
Owerhaul Manual
Lab " Worksheet Worksh Warksh Warksh
* Worksheet * et * et - et 8190 Overhaul Pt One o
On-vehicis
. Workshest
Ll
Video
» Worksheet » Worksheet » Worksheet » Worksheet Workshest kot
#
» Worksheet » Worksheet » Worksheet
» Workshest * Workshest = Workshest
JATCO
» Worksheet sl » Worksheet
= Worksheset
+ Worksheet

8190 Rebuilding Particulars SR L]

8150 Mods and Tuning = Worksheet




YouTube: siu automotive

overlay

Automatic Transmissions X

siu automotive - 1/ 60

/.

— ~
—

Basic planetary gearsets

Intf'r'*"to Automatic Transmiss
=~ - A B

Part One - Gearsets

siu automotive

s >

-

A Basic auto trans clutches and
§ bands

? siu automotive

Basic one-way clutch operation

siu automotive

Basic torque converter
operation

siu automotive

Basic auto trans oil pump
operation

siu automotive

Basic auto trans valve bodies

— 6

4 P> Pp| o 002/20:18

siu automotive

P 3407
= & v
| —m Racir aintn tranc alartranirc







Shift Control Evolution —Comparison — Old vs. New

* Hydraulically controlled * Modern Electronically Controlled
transmissions transmissions
* Pressure increase for holding force * Torque Management
 Clutch count/surface area * Throttle and spark advance
* One-way clutches (shift feel) * Solenoid control
e Accumulators * Reduced pressure during the shift
- * Specific phases of a shift
 Orifices

Wave/dished steels
Balance pressure
Piston return springs

Wave/dished steels
Piston return springs



Shift Control — The process

~1.2 Seconds =—=<

Line Pressure

\ 4

Shift Command

\ 4

\ 4

Releasing Clutch

Applying Clutch

\ 4

Control Rate and
Amount Pressure
Release

\ 4

Complete Release

\ 4

Fill Stage

Torque Stage

A 4

\ 4

Inertia Stage

\ 4

Line Pressure

} ~0.4 Seconds

11



Shift Control — good ol” days — THM 400

Line Pressure

\ 4

Shift Command

Non-synchronous shifts (one-
way freewheeling) didn’t have
to be concerned about timing

Applying Clutch

\ 4

Fill Stage

Mechanical calibration

\ 4

Inertia Stage

\ 4

Line Pressure

Piston return spring
Wave/Dish plates
Orifices

Accumulator piston size
Acc spring tension

Line pressure

12




Shift Control - modern electronically controlled transmission

* Solenoid control

Line Pressure

\ 4

Shift Command

\ 4

\ 4

Releasing Clutch

Applying Clutch

\ 4

Control Rate and
Amount Pressure
Release

\ 4

Complete Release

Fill Stage

\ 4

Torque Stage

A 4

Inertia Stage

\ 4

\ 4

Line Pressure

* Piston return spring
} * Solenoid control

}  Solenoid control

} * Torque management
* Solenoid control

13



What controls clutch feel?

O | il : it : 1A

* Fill phase —fill the clutch with < FlL L+t TORQUE —>i= INERTIA - —— TORQUE —=
fluid, compress the piston return | | PHASE | PHASE PHASE | HOLDING
spring ; |

e Torque phase — on-coming 52 | /B L 44 : /Lgﬂ
pressure rise and off-going drop. Nt o :

No ratio change at this point. PULSE I(/ ; :
Torque hole because of bind-up 2 I AN i ;
and heat. ;e | = ‘

* |Inertia phase — ratio change, 02 04 06 08 1.0 1.2 4

engine speed drop.sl torque ONCOMING CLUTCH UPSHIFT

management portion

* Torque holding — after ratio
change, keeps the clutches from

slipping

15



0llvd 033dS

INIDD-440 ONINGD-NC

IN0Y0L LNdNI

| Synchrpnous Shift

Ri )
/L
/ 199 he
\PRS_ONC P
/ 215
201 : 211 ¢ )
203 207~ L Pri/
2.2 124 26 27 TIME (s) i
EPH‘S OFG L 2 g 4
——" 205 i P

[

1217 ¢

1213 |

Ti(2)

i

Shift command

).

Torque Phase |

Inertia Phase (speed ratio change)

ov

4

01 JO S 129YS 9007 ‘7T "unp uopedNqng uonednddy juaed

IV 9LIESEL0/900T SN
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Shift Evolution - Simpler yet more complicated

* GM 700R4

e 23 valves, 4 accumulators, 3 upshifts

97103291

3-4 Accumulator
D I

1-2 Accumulator

3 | coware——¢

Hydra-Matic 700R4

Neutral - Engine Running

Pressures
[S°Sl Intake & Decrease
[==] Converter & Lube
[ Mainline

T.V. Feed
=TV

-

.-

110
1t

=1

s
1 e
B oo 8 D 0
1Doo 1t
1t
3 1"
3

[
Pressure

vaive

[re—

Tabs

HREFes—/T]/———

| I R [ S 1o e
‘
tl

I —

conv. s

[ Modulated T.V. (M.T.V.)
E=EIMT.V. Up

(IIIID M.T.V. Down

[ Governor

[ Accumulator

WD Gl Aee

Mosuates TV, Up

MIdARAT V. Dowe

* GM 10L — Ten Speed Trans
* 16 valves, 9 upshifts

‘CONTROLVALYE
SOLENDID B00Y
assemery

) |
@ Z i
u £ :
SHIFT -1 @
134488 soughon H
s [l
—— e -
sy ATRACKFLON @ 5 IS0ATOR @
o iR rresrererres) 5 |
e . .
o e i S
"-ﬁ 1 1
[& f I 1
i S—
L] s
S— o £ e
e - : i ==
] o

Rz Ao c

e

El

H

LH

&
ﬁ@

VNE g

121481810
FEVERSE

QuToH
ASSENBLY

1556799 L

3ss7800L

1954784
Uit
ASSEMBLY

o)

TSECONDARY LTI

o0LER

e
[ -
il i ‘
waaen
Braie
o

Y

E

FLIDPUP
BSSENBLY

FLUID PRESSURES
INTAKE (SUGTION)

FLuD pan

E= COOLING & LUBRICATION ksseaL
I LINE

SOLENOID SIGNAL
[C_JEXHAUST BACKFEED
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Shift Evolution - Simpler yet more complicated

* Honda 5-Speed Trans * Honda 10-Speed Trans

T ACCUMULATOR  ERFFRH

TORQUE BRAKE BRAKE BRAKE CLUTCH CLUTCH CLUTCH
3RD CLUTCH 4TH CLUTCH CONVERTER B1 B2 c1 c2 c3
18T 1STAST-HOLD ROy MISSION 3pp TEANSMISSION jry gy A T
CLUTCH PRESSURE CLUTCH  3mp PRESSURE CLUTCH  CLUTCH f-l’,T

|

m B3
D@ {‘E @ {‘ji @ Qﬁ
:' : - ]

TORQUE.

GONVERTER
CLUTCH —
SOLENOID
VALVE
AT CLUTCH PRESSURE
'CONTROL SOLENQID VALVE C
2 i
Ef [ A/T CLUTCH PRESSURE
T J[__ CoNTROL'SOLENGID VALVE A
1
f I f | — AT CLUTCH PRESSURE
2 Xoallsefl e [ 2 |z 51 Jls“ i CONTROL SOLENOID VALVE B
i AN, MODULATOR VALVE
95][LUBRICATIO! [2RdEER [ 1
CONTROL m
VALVE _|
7
L 1 il
. | AR AX s | L3
3| L ‘J—L e m ) — P
TORGUE CONVERTER [} COUNTERSHAFT SERVO CONTROL VALVE
R INTERMEDIARY
1] o8 ) (|l _
REGULATOR = & .
VALVE — ]
SRR J i 4 ATF ATF
i o CHEGRORSE - SERVO VALVE WARMER FILTER
_ pi wn R o
foer UER ATF PUMP —

OIL PAN

22 Valves 12 Valves 20



Valving/Solenoid Evolution
The Beginnings - 4L60E

'R | bt
- —'—‘—|‘ ‘\_‘—'-‘-'-'_,"‘-[1' "'s “.o

P10 ] — . |




Evolution - Very Basic Electronic Control - 4L60e 3-4 shift

* Line pressure

e QOrifice
e Control fluid flow

e Accumulator
e Cushion shifts

e Accumulator valve

e Control accumulator
back fill pressure

* Servo
* Piston area
* Return spring

RE
A
3 EX
= EX
=
m
w
= EX_LE
n
E:'(—g

— D4 ST

D3

3 4 SHIFT UAL‘JE

s

4TH S1G

I
3-4 516 .

L_I v nce
rlf% ==

3-4 FIELA‘\" 4-3 SEQUENCE VALVE

1-2 ACCUMULATOR
2ND CL

2ND

3-4 C| =
OVERRUN CL—

|_u

4TH

3-4 CLq

2ND & 4TH FHITSTals: 3 |
CONT
SERVO |II|_I| Hll w;.ﬁ E}.DNTHUL
3RD ACC

22




Evolution - Very Basic Electronic Control - 4L60e 3-4 shift

Shift valve directs pressure, EPC manipulates line pressure, accumulators cushion, orifices control flow

< Pic peb A u a x utor = a *
Ewl‘e Edit |yi= 4|193. L - |im 5.125 5 =
. 21 CO Y 21 CC
K 102.3 psi ---- - i =1 102.7 psi . PLES
w2050 . 5.99m249. o 20,7200 . 390 240
= || 53.63 psi s 60.88 pi o
| | It
o |
| p' ! Bluild to line
ACCllumuIator stroke | Accumulator stroke _ -
5597 1749 | ‘ 4012 1743 \ | 3993 17441
| | - |
| | |
I } 30.79 150.0 I
| | Shift valve stroke / |
ﬁDDQ; | e " B 58 125.0 // i B
100.1 "W—:-;?ssa.au B oo N T T 1005 98,
|
|
|

mlmm‘h‘w\\\‘\\\\\\\\

mr Y
|
|
|
|
|

“

“ .mhhhlll

| x

—— e _——— e —.

m These two |mages show the same 3-4 shift, but with dlfferent accumulator valve sprlng ten5|ons
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Evolution — Advanced yet simple hydraulics

42RE 1-2 Shift

e TCM - Solenoid PWM

e Accumulator
* Dish plates
e Orifice

LR(R-N-1)
V4

24(2-4)

ji pr] ° PT)[AC NTH AC pTH AC PT|[ AC PT
PT]| 0¥, Oloill OJo?
BYPASS = rn —— g v z:A - :
LUBE | | T, |[OFF ON ]
L3 -
- 2 SW ? ~40)
- A AR L K |[.) Ut 01 @ R
T/IC CONTROL hd
2 sou |SW|VALVE FFADN
V v
OFF ON
E v SW L5
SW
82 A3 oD
— =
eee
CC CONT. oo e 53 S4 S1 52
v v 02
x1 Hz Y VENT K2{§L2 _JL_
RESERVOIR -
REGULATOR MANUAL| [VALVE ¢
'_JI_J Y o e
w v V' ONR
\% I p
L
PUMP EILTER Note: early 41TE schematic — 42RE has VP

UD(1-2-3) OD(3-4)

R(REV)

Al V2

)

|




Evolution — Advanced yet simple hydraulics
42RLE 1-2 Shift

5050 150
psi psi
142.7 100.9 1414
U N _ ) T R N ——————— - A A ' A I psi
255.0
125.5 82.69 1242 2447
108.3 66.52 107.0 2275
91.15 4034 80.86 2103
72.97 3217 72.68 1932
56.8 150 55.51 176.0
30.63 oo il “i I 3232 1588
5 P 3 ___ vy F- - - - — - —a
.’h
22.45 2116 1416
5.279 3.087 1245
0.0
O ® 107.3
18.69 189 19,11 19.31 19.52 19.73 10,94 20.14 20.35 20.56 20.77
| RO o |




Evolution — Advanced yet simple hydraulics
42RLE 1-2 Shift

140.1 psi

W 50.8m 180
psi psi - .
33.34 psi
142.7 100.0 I I I I I 1414
_ A i i nooan A si
- — — — —— Wa VR 4 Wil B e R R — —_ s
[ [ [ [ \/ 2550
1255 82.69 I I I I 42 2447
1083 66.52 I [ I I I 2275
91.15 49,24 I [ | I I £9.86 2102
73.97 3217 | l | | | 7268 193.2
565 150 I I I I 176.0
3063 I I MU b I I 8.33 158.8
___________________________ 3 ”“ sy ---———— ———=
2245 | | | | | 2116 14156
5.279 I I I I I 3.987 1245
| | | | | .
Fill Torque _Inertia . Final
O | | | | | ® 107.2
18,69 189 19,11 19.31 19.52 19.73 10.94 20.14 2035 20.56 20.77




VaIvmg/SoIenmd Evolutlon

Honda/Acura




Evolution — More Advanced/Unnecessarily Complicated
Honda/Acura 5-speed shifts

29



Honda/Acura 5-speed shifts

S
1 1 ._l'r‘q' L -I;'_I.m L 3‘1-3,5 Mms E ' 240.2 240.2
72.31 psi 149,0 psi 75.72 psi G [ LJ Y H 1N
38.36 psi 139.6 psi 101.2 psi I~ e -
|
180.7 180.2 | 180.2 180.2
|
|
w1507 15025 - RN ) = T e _|{ __________________________ 150.2
———————————————————————————————————— —|{————————r—— 5 ———x
1207 120.2 | 120.2
|
|
90.67 9016 | 90.1% 9018
| |
I S SN ¥ A, S S /
| |
| | |
N .
30.67 2016 | : 30.18 3018
. | |
| |
; . | n 0.0 .
|
101 10.38 10.65 10,893 11.21 11.49 lJ_-'||1_.-"_.-" 12{15E| 12.32 12.6 12.88

s - "1/ 30erm



Honda/Acura 5-speed shifts

270.7m70.2
psi psi

270. 70.2
psi psi

1093 ¢ 12.2 ¢ 1,260 ¢ h | e
73.31 psi 149.0 psi | 79.72 psi | J’ W

38.36 psi 1396 psi | 101.2 psi N Jodl 10
| | | | - -

S | | .
o | | 1

w0 29502 e , | __I_______I_________I________I__| I_ ______________ 150.2

-------------------------------------- ||||T - a

LI | | L/l
A | | a

oo e | | | I | R N
| | | Vo1

';;;___"""""""":‘"l‘"" I~ |~ R o
I | | | I |

30.5?30.‘5___________________r__l— _____ 4= - _I__|_
o | I |
' .

] ] ] |
I Fill ; Torque I Inertia |FinaI|

00 00

10.1 10.38 10,65 10,03 1 11.21 1 11.49 §1.77 12050 I 3 12.6 12.88
| NS [ 788.2 mHz, 47.292 RP... EIm
= w1 =




Honda/Acura 5-speed shifts

pppppp

Line

CPC

Line

Line

32



Honda Evolution: Clutch Pressure Control
15t Generation- Hydraulic Flow — Complicated

Line Example 2008 Honda Pilot
Pressure
|
\l' I
J 2 L 4
Modulator Valve Manual Valve Shift Solenoids
ll . > . ‘L
CPC Solenoid > Shift Valves
CPC Valve ;
. % v
Clutch/Accumulator

RED = Line Pressure DK Blue = Modulator Pressure 33



Honda Evolution: Clutch Pressure Control
15t Generation- Hydraulic Flow Chart — In-Gear Situation

Line
Pressure
‘l' | v v
Modulator Valve Manual Valve Shift Solenoids
- I
CPC Solenoid Shift Valves

CPC Valve

¥

Clutch/Accumulator

RED = Line Pressure DK Blue = Modulator Pressure 2



Honda Evolution: Clutch Pressure Control
15t Generation- Hydraulic Flow Chart — During a shift

Line
Pressure

!

Modulator Valve

Y

4

v

CPC Solenoid

v

CPC Valve

¢

Manual Valve

Shift Solenoids

v

> ]
> Shift Valves

RED = Line Pressure

Y

Clutch/Accumulator

DK Blue = Modulator Pressure

35



Honda Evolution: Clutch Pressure Control

15t Generation- Hydrat

Line
Pressure

!

lic Flow Chart — After Shift

Y

4

Modulator Valve

Manual Valve

Shift Solenoids

v

CPC Solenoid

CPC Valve

RED = Line Pressure

v

> shift Valves

A 4

Clutch/Accumulator

DK Blue = Modulator Pressure

36



Honda Evolution: Clutch Pressure Control
2"d Generation- Hydraulic Flow Chart — Less complicated

Late model 5-speed |_| ne

—

CPC Sol/Valve| | Modulator Valve

Shift Valve <—|

l

Clutch




Honda Evolution: Clutch Pressure Control 3™
Generation- 6 — speed - Hydraulic Flow Chart

6-speed Line
CPC Sol/Valve

Clutch




Honda Evolution: Clutch Pressure Control 3
Generation- 6 — speed - Hydraulic Flow Chart

Line

CPC Sol/Valve

Clutch

D, L
Shift Lever Position P R N
1st 2nd 3rd 4th 5th Bth

Shift solenold ON OFF ON ON ON OFF | OFF | OFF | OFF
valve A
Shift solenoid ON or ON or
valve B OFF OFF OFF ON ON ON OFF OFF OFF
Shift solenoid ON or ON or ON or ON or ON or ON or
valve C ON ON OFF | OFF | oFF | OFF | OFF | OFF | OFF
Line pressure solenoid ONor | ONor | ONor ON or ONor | ONor | ONor | ONor | ONor
valve A OFF QOFF OFF OFF OFF OFF OFF OFF OFF
A/T clutch pressure
control solenoid valve A OFF QFF OFF OFF ON OFF OFF ON OFF
AT clutch pressure OFF | OFF | OFF | OFF | OFF | ON | OFF | OFF | ON
control solenoid valve B
A/T clutch pressure
control solenoid valve OFF OFF CFF OFF OFF OFF ON OFF OFF
C
AT clutch pressure

) ON or ON or ON or ON or ON or ON or
-:E:)ontrol solenoid valve OFF ON CFF OFF OFF OFF OFF OFF OFF




Honda Evolution: Clutch Pressure Control 4th
Generation — 10-speed - Hydraulic Flow Chart

* Honda’s 10-speed hyd diagram
leaves much to be desired

* CPC solenoids manipulate line

pressure to the clutches, similar
to Gen 3

TORQUE

BRAKE BRAKE BRAKE CLUTCH CLUTCH CLUTCH
CONVERTER — @ B1 B2 B3 c1 c2 c3
() [IT"LEHW I Il
_[] | L . -,

Zj] @ @ o @ i) ®

¢
e |
—_— | L
= oD iﬂ
| ot
(- j@ ® @
= L_:] '.’:6) ,__I_I
&] €
@ o | Jo i
2\
- m =) el s
) ’?j][_ 39

e L T

i LUBRICATION

‘ L{ )
ATF ATF \\‘I
WARMER  FILTER NI,
A
ATF ATF

OIL PAN STRAINER PUMP 40




id Evolution

GM 6L and 6T

ing/Soleno

Valv



6|_80 Th|rd Gear Shlft Control s S

I REVERSE CLUTCH
. Orlflce ASSEMBLY
. 1?34(;llllLH
e Solenoid

* Clutch regulator valve
* Boost valve

* Return spring
* Balance pressure
* Wave plate

1234 CL REGULATOR VALY




6L80 Upshift through 61" Gear

P V.
25.67 s 26.78 5 11125 G
146.5 psi

w74 6m56.2
psi  ps

246.0 238.2

217.3 209.5

s A ¥

188.7 180.8

3 -
= &) e
k =

160.0 152.2
- — — — — ——

1313

102.7 9485

74.0 66,19
4533 37.52
16.67

-15.0
-12.0 é @150
16.74 2073 2472 2871 327 36.68 40,67 44.66 48.65 32.64 56.63
s

Dil/N 899.7 mHz_ 53.98 RPM

43



6L80 Upshift through 61" Gear

| ] s el
psi psi
246.0 2382

217.3 2095

1887 1808

160.0 152.2
— — —
1313 1235
102.7 94,85
740 6619
45,33 37.52
16.67 8.857
-15.0
-12.0
16.74
s

23675

146.5 psi

243.0 2394

o
n

1
=
r
=]

157.0 1534

20,73 24.72

m__r_ Ty el g T e
99.66 96.05
42,23 3872
13.66 10.06
. 150
@0
28.71 327 36.68 4067 44,66 48,65 56.63

LTI 899.7 mHz, 53.98 RPM

44



"R R 271.m260
psi psi | : psi psi
|
2460 238.2 | 2430 239.4
|
| it
217.3 200.5 I i 214.3 2107
11 | By I
1 1 1 | II | 1 1 1 |
188.7 180.8 . 1857 182.0
qst!  pndl [ 3rd [ 4th 1 1 gth [ gth
I L, 11 1_, |
1/2 2/3 F 4 4 5/6
160.0 132.2 | / | l / | i / i l /5| | / l 157.0 153.4

A L L O O o S

1

131.3 1235

L
[
| [
i |
102.7 94.85 ; 99.66 96.05
’ ] | |
el | = A |
|
1 [ - =
74.0 66.19 | :l | | | 9 67.39
!
[ ! [ Il
|
4533 37.52 I :I I I I 42.33 3872
|
| | /1 .
|
[ 1 ™ I [
16.67 8.857 | 3.66 10.06
- i = b | -
: R, e . - Py v =~ oo na = b .
- 1 1 1 [ [ 1 1 1 |
5.0 | -15.0
-12.0 ] | | | I£ [ | | [ | | &15.0
16.74 20.73 24.72 28.71 327 26.68 40.67 44.66 48.65 52.64 45 56.63

E BT 200.7 mHz . 53.98 REM



6L80 3-4 Upshift

W46 2663

psi psi

2480 235.2

217.3 209.5

1887 180.8

160.0 152.2

131.3 1235

102.7 94.85

—

740 66.19

4533 27,52

26.33 s

3009 ms

146.5 psi

30.23 psi

128.2 psi

99.0 psi |

73.18 psi

29103 psi

46.16 psil

Zoom Overview

—

16.67 8.857

-15.0
-12.0

24.79
[0 o P

25,08

zslsa
1

2'.95

271.m@m268.0

psi psi

243.0 2394

2143 2107

1857 182.0

157.0 1534

—1
1283 1247

99.66 96.05

70,99 67.39

42,33 3872

———

13.66 10.06

-15.0

@50
27.69

013,323 Hz, 199.39 RPM EEE 46



1-2 shift 40% throttle

_4‘| P30 | |
F 0| 3m33.05 3m3405 13565 | |
B 5,202 psi 217.2 psi 212.0 psi
8 1701 psi 1.885 psi 168.2 psi I :
ol l_y______
69.8 2
| |
| |
| |
420 aee | |
| |
| |
sim3 10| ® Line pressure 212 psi | |
*  2-6 clutch press change — 1.36 sec I I
*  2-6 max pressure — 168 psi | |
050 5500 | ® 2-6fill pressure 11 psi | |
| |
| |
— : Torque Phase I
| |
| [ \ |
4102 337 | |
| |
| \ / |
| |
1527 8 | : :
R ek Inertia P_hg%e (speed ratio change) _ e
- | |
o -3;.24 31.74 32.24 3274 |£ 33.24 33.74 3%‘1.24 3474 3524 35.74 36..24
[0 +3m0.0s 0 77377 mHz

188.0

3248

47




1-2 shift 40% throttle

P

The solenoids, as
graphed on a scan
tool, matches the
pressure curves e
pretty close. It's not s
actual clutch *;3
pressure, but the
shape of the
pressure curve is "
spoton.
8




1-2 shift 40% throttle

Actual Pressure Solenoid command amperage




2-3 shift 40% throttle

| SEEER™ |
josi O 3Im37.0s Im35.0s 1.278 s psi ;
B 5,107 psi 218.4 psi 212.3 psi | .
B -2.336 psi 194.9 psi 197.2 psi | -
B 2.79 psi --.-- |

During the upshift, there’s
going to be a portion of
overlap. That prevents a shift
flare. If the overlap is too long,
that would cause a shift bind.
Notice on the torque phase, the
off-going clutch is dropping
pressure. The inertia phase is
where the shift ratio change is

70,99 62.25

Torque Phase

occurring.
: . f
049 Inertia PhaseI (speed ratio change) g
- A R =5
£.256 -15.0 5 5 @ so [
33.26 3376 34.28 3476 35.26 3576 36.26 36.76 37.26 37.76 38.26 d
s +3m0.0s BN 752.5 mbz = )




2-3 shift 40% throttle

Throttle (%)

412

Cur. Gear

3

Spark (%)

195

PCS 3 (psi)

0
PCS 4 (psi)
31
PCS 5 (psi)
110

PCS 1 (psi)

77

Clutch fill (psi)

25

TCC Slip (rpm)

-2.0

C Pressure (psi)
52

Torque Sig (psi)

23

e R Z AL




2-3 shift 40% throttle

1/A | 8384 mHz 50.3 RPM

[AzPR425 I | (2423
psi psi ‘ | psi
: | | +
1m1941s  [1m20.6s o | |
216.8216.8 M 3639psi  [1911psi  1547psi o |
\

LY S S N

ooy —— — — — — — — — — — — — —

165.2165.2

113.8113.8

88.0 88.0

10.7510.75

1855 +Im0.0s 19.0 1m19.0s K




3-4 shift 40% throttle

Jj.-___ l o 3m41.[).5 BM42'D.5 1174 5 : I:||_4|
=
| B 2.79 psi -
| |
| |
| |
| |
| |
| |

174.0 | |
| |

_____________________________________ L - S SRS S SRR Sy |
____________________ T A A i 7 o
| pFEEIREEE (N 30.5
|
| |
| 456 clutch pressure matches

6.74 | | .
| Torque Phase | | line pressure exactly
| |
P I

4524 3653 i i
| Inertia Phase (speed ratio change)

4142

5 |
=)
w
o
.
' [
L
3
=
=1
W
w
=]
R
.
=]
.
.
=]
=)
O0— —
s
[i=]
ra
E
o——f— — —
.
]
=
o
s
o
I
w
.
.
w
[t=]
I
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A
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4-5 shift 40% throttle

WS1.2 2425

psi

2255 216

199.7 191.0

=1

1482 1305

"
r=

96,74 83,0

70,89 B2.25

4524 265

4815

4015

Torgue Phase

w4z
O 3m49.0 s 3m350.0s 123s psi
B 6.107 psi
m-2.039 psi 125.8 psi 1288 psi
B -2.336 psi 1207 psi 1230 psi
O 2.79 psi --- --- 216.7
|
|
|
| g
|
|
: 165.2
|
|
|
————————————— |[-=%- - e et Rl e i B e |
________ L M o 7 T T T File _ oo
| 18
|
|
| 88.0
|
|
| 5
| _____
|
|
| 365
|
|
Inertia P‘ﬁase (speed ratio change) '
| _
T . i " S
@ |
49.65 50.15 50.65 5115 51.65 52.15 52.65
BN 2132 mH- ) |

54



6L80 Recording at WOT

v | @ 0BS29.1.2 - Profile: Untitled - Scenes: full screen capture = a X
File Edit Views Measurements Tools Help File Edit View Docks Profile SceneCollection Tools Help
| | T <
[ oy | H Tof1 @||[4]x3s PN a &) 9|e
A B4 | 4 i 4‘
w2542 5 | E ] I
psi o 0 5m10.0s 5m27.0s 17.05s
| = 2169 psi
ﬁ:—,“—’-----------—---ll‘ h“‘ e i |m e | i | P e e e e e e e N e e i i I |
e
h T
: 'A 4 \‘;
191.0 |
" | \
I
! ’ \
1395 |
| promen
113.8 :
880 |
62.25 62.25 ! o
/ Scenes T Sources Audio Mixer 7 Controls
363 Scene O Display Capture = Start Streaming
f
/ Start Recording
.
1075 s o Start Virtual Camera
= \‘: Studio Mode
Settings
15.0

AT

.562 5.419 8277 1113 13.99 16.85 19.71 .56 E 2 A Exit
[ 20 | s +5m0.0s

LIVE:00:00:00 % REC:00:00:00  CPB; 629, 30.00 fps
| Ruters [ Notes [ s ey, R
o i otes Created: 5/10/2023 1:53:27 PM Duration: 5m 325 Zoom: 10s Time: 01:58:38,662, 00:05:02.012

Stopped Trigger ‘ ‘ Measurements [




1-2 WOT

2425425

O 5mi13.0s Sm1d0 s 1.107 s I I
B -2 939 psi 213.9 psi 216.8 psi
0| 2,187 psi 170.7 psi 168.6 psi | |
L s Sl A A T S _
| |
| |
91.0 | |
| |
| |
1852 1652 J| ________________________ |l _______________________________________ e
' |
|
395 1395 At WOT, the torque |
|
[ ] [ ] |
and inertia phases |
. |
show the greatest rise |
88.0 | |
| |
| |
B} | |
] | |
| |
| |
36,5 | |
| |
| |
_ | |
075 | |
. | |
—— . - ..f"‘“!ir‘w‘-u.rv'r“ e - |:p- L :rlfn | ! —3
-150 -15.0 & ﬁ ®
11.31 11.81 12.31 12.81 13.31 13.81 14.31 14.81 15.31 15.81 16.31
s +5m0.0s 903.6 mHz
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2-3 shitt WOT

2425 2425 . .
- | * Line pressure 216psi
petpe 5m16.0s 5m18.0s 13785 £ |
-2.939 psi 216.9 psi 219.8 psi & | * 35R clutch press change — 1.16 sec
o BT 8ol e L * 35R max pressure — 189 psi
e T A S Y. * 35R fill pressure - 38 psi

| T

247 mear. ol
i psi

— —:221.9 2167

191.0 191.0
B-----——-—-—-———- -9 o _______

165.2 165.2

1385 1395

113.8 113.8

62.25 62.25

10,75 10.75

118.9 113.8

==}
=51
=

67.28 62.25

L
o
L

15.88 10.75

— i iy t |\,r v . } I,,,_ e - yr —— R — lru.. - . -——
150 -15.0 & @5.274-15.0
14.74 15.24 15.74 16.24 16.74 17.24 17.74 18.24 18.74 19.24 19.74
s +5m0.0s LIPS 725.6 mHz
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Torgue Management

* Much lower engine torque during shift
* Timing Reduction
* Throttle Reduction

* Only during Inertia Phase



Chartvs. Time X

Speed (mph)

73

Throttle (%)

996

Cur. Gear

3

Spark (%)

13.0

Torque (Ibrft)

346




Chartvs. Time X

Throttle (%)

996

Cur. Gear

3
Spark (°)

13.0

Torque (lb-ft)

346




<peeg (mpn)
Cur. Gear

3

RPM (rpm)

4,492

LU 0

MAF (o/9)CC Pressure (psi)

237.08 0

TCC ship (rpm)

219.3

350

45.0 100 400 ]

Spark (°)
-2.5

Throttle (%)

100.0

ans eng tq (1b-ft)

222

22550 200

000 0

pecs 1 (psi) pcs 4 (ps
319 319

pcs 2 (pst) I

0 80

pes 3 (psi)

319

T N 21:09:34

21:09'35

21:09:36 |

\r21:09.37

21:09:38

21:09'39

210940 ‘

\\ 21:09:41

350 350 350 350

175 175 175 175




1.0 7.000

peed (mph)

o0

Cur. Gear U
3 p"’"""””’—"””””,,—~\\\\\\‘ﬂ‘—’_,,-—'..———" ~\\___.—-—-—-"”"""_\“~\__._.—--"""‘-.\_,;:;;;;EEEEEEE;;:'-\_‘_;;=E; —
RPM (rpm) __Eee—— :

4,492

MAF (o/3ICC Pressure (psi) [ [ ' 010 350

237.08 0 | oy i

TCC slip (rpm) W\_"\-w—\ =4 0 e 150 2505 175
219.3 \“\ .

Spark () | 450 100 300
25 LR | \%u \J\Ww

100.0 L/‘ — e
rans eng tq (Ibft)

222 ' F\ I' : \ ,i- LI U U ”

e L) 350 350 350 350

319 319 ] | v

ol ‘ 175 175 175 175
pes 3 (psi) |

319

— " " jo 0o 0 0
2109 | 1210842 - 109

T SN 210934 2109 A 210536 2103 17 21-09-21R 2103 39 21:09:40






Electronic Operation — Linear Solenoids (10R/10L)
=~

Line Pressure IN | | Line Pressure OUT

EX Backfill

Reaction Pressure

TCM

Solenoid




Electronic Operation — Linear Solenoids (10R)

Linear Solenoids use a mechanical pintle to push on the
hydraulic valve. Nothing new, Toyota and Honda has been
doing this for a while. The 10R/L doesn’t use springs to
return the valve/pintle. Backfill pressure is used to return

Solenoid

Clutch
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10L/10R Outputs — Solenoid Control

Parameter Name Value | Unit

Gear Command Trd

Transmission Control Solenoid Valve ... 2200.25 | kPa Trd

Transmission Control Solenoid Valve ... 2200.25 | kPa Tra

Transmission Control Solenoid Valve ... 2146.31 | kPa Tra

Transmission Control Solenoid Valve ...

“ |I |H| ||H ||H| |‘| Transmission Control Solenoid Valve ... 2200.75 | kPa Tra
Ll I| 'I il K == 1} I L 3303 0.0 -30.03

faad i ataeiccn e P BRI Db O g . Sty S AR R

Transmission Control Solenoid Valve ... 0.00 | kPa Tra

Line Pressure Command | 632.8 | kPa Tra

TCC Pressure Control Solenoid Valve ... 0.00 | kPa Tra

Parameter Name Value |

Last Shift Time
TCC Slip Speed

TCC Desired Slip Speed




Scene Collection Tools Help

File Edit | @ OBS 261.1 (64-bit, windows) - Profie: Untitled - Scenes: Untitled

No source selected

Scenes \ Sources
o)) Audio Output Capture 2 &
B Display Capture 2 1O
@ NDI™ Source ®©

Audio Output Capture 2

O San Streameng
- AT Racoeding
»

Suet Virtua Gamera

Audio Mixer Scene Transitions - Controls

10.8 dB Eade Start Streaming

i 7 . Duration 300 ms Stop Recording
) O
St-k: Virtual Camera
inf d8
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10L Solenoid Control — Electrical 5-6 shift C ON, D OFF




10L Solenoid Control — Electrical 5-6 shift
ulates OFF D modulates ON (fill
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10L Solenoid Control — Electrical 5-6 shift

C modulates OFF (torc
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10L Solenoid Control — Electrical 5-6 shift
C modulates OFF (torg phase), D modulates ON (torg
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10L Solenoid Control — Electrical 5-6 shift
Cis OFF, D modulates ON (Inertia phase)

2407547 s 12.86 ms
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olenoid Reaction Sensitivity
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Evolution — 10L80

“TERT LERI 12N LER

ps! pPs!

235.6 235.6

207.8 207.8

179.9 179.9

psi

207.8 2C

179.9

wh
o

“.4‘,
8.2

38 96.38 96.38

68.53 68.53

68.53 68.53

659 40.69

12.84

10 s -,“Wﬂﬂm,,m

Clutches/Solenoids

PRSP SR

0.236

s

1.978 3.719

263.m
psi

- X

207.8

124.2

96.38 ©

40.69 4

W63 426347

235.6

207.8

179.9

06.38
68.53
9 40.69

12.84




Evolution — 10L80

w263 m263. 42
S S e

53 AmG el Am i —
psi psi psi
235.6 235.6 235.6 235.6 I I
1 1
207.8 207.8 207.8 207 nf .'ﬂl.“i‘? - T it 2
179.9 179.9 179.9 179.9
—— 124.2 42
|

96.38 96,38 96.38 96.38

68.53 68.53 68.53 68.53
\
40.69 40.69 40.69 40.69 Y|} \ , 40
84 12.84 12.84 \ 84
c— — aa— — .1 —
150 150 150 150 l | | o 5
0.236 1.978 3.719 5.461 7.20 8.945 10.69 12.43 14.17 15.91 17.65 L
Tl B 1/21 12/31 13/4 | 14/5]1 15/61 16/7 = .

Look how much of this 10 second acceleration is just shifting!



Evolution — 10L80 shift phases solenoid
command vs actual pressure




Evolution — 10L80 shift phases solenoid
command vs actual pressure

Although the “max” pressure shown at 310psi is never achieved, the fill/torque/inertia pressure shown on scan
data is pretty close to actual pressure at the clutch

e
.'!.LH#'M,__
i) 4l ]
5 )
Al B IC F“D
20-35 psi w
~75 psi 1 | ' | o S J%w‘{i{ _____ N D A '
\ | . . | ; Il i
20-30 psi i — J =11\ _
| - - . B ' - - o h:. -.- i3 :'.Elti7;§l.I




* Torque
Reduction

TP
manipulati

on

Throttle (%)

22555 20055




Knowing how precise the
electronic control is.......



3-5 Reverse Clutch

Clutch Pack Travel Specification - 1.21-1.79 mm (0.048-0.070in)

Retaining Ring Thickness

Clutch Clearance

MNote: After measuring clutch pack travel, determine if the measurement is within the specification. If the measurement is not
within the specification, measure the thickness of the existing retaining ring, and then choose a thicker or thinner
retaining ring that will bring the measurement within specification.

1.61-1.71mm 0.063-0.067in Gray
o Esse ntlal 1.88-1.98 mm 0.074-0.078in Light Green
° 6L80 Exam |e 2,15-2.25mm 0.085-0.089in Yellow
p 2.42-2.52 mm 0.095-0.099in Mone
P ~ ” .
0'025 Wlndow 2.69-2.79mm 0.106-0.110in Purple
o . .
Five snap rings 1-2-3-4 Clutch
ava | I a b I e Clutch Pack Travel Specification - 1.53-1.99 mm (0.060-0.078 in)
° NO 010 diffe rence Retaining Ring Thickness
Metric English 0.D. Color

MNote: After measuring clutch pack travel, determine if the measurement is within the specification. If the measurement is not
within the specification, measure the thickness of the existing retaining ring, and then choose a thicker or thinner
retaining ring that will bring the measurement within specification.

2.42-2.52 mm 0.095-0.099in Mone
2.69-2.79 mm 0.106-0.110in Purple
2.96-3.06mm 0.117-0.120in Light Blue
3.23-3.33mm 0.127-0.131in Orange
3.50-3.60mm 0.138-0.142in White




Clutch Clearance — 10R example

Clutch Specifications

A clutch 0.029-0.048 in {.73-1.23 mm) 5 plates, ~0.008” variation

B clutch 0.052-0.069 in (1.31-1.74 mm) 6 snap rings, 0.012” variation

C clutch 0.062-0.074 in (1.57-1.87 mm) 5 snap rings, 0.008” variation

D clutch 0.069-0.081 in (1.75-2.05 mm) 6 snap rings, 0.008" variation

E clutch 0.044-0.068 in (1.12—1.72 mm) 6 plates, ~0.004” - 0.008” variation
[Fouten | oo0480060in(122—152mm) 6 snap rings, 0.008” variation |

* 0.012” — 0.024” window of clutch clearance between all
clutches

83



Air Purge

Example — 6L80

Line pressure
265psi, 3/5/R
pressure pulses to
about 35 psi for Y
second intervals

Single 456 pulse to
about 31 psi

psi P

-— — — — — — — — —
251.8 244.1

2231 2154

1945 186.8

165.8 156.2

1373

108.7

5147 4378
—
22,86
- A
-5.740-13.45 T N @108 -9.79]
28.63 33.63 38.63 43.63 18.63 53.63 58,63 1md.0 1ma.0 1m14.0 1m19.0
E s +3m0.0s O/ 3.645 Hz, 218.72 REM
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Alr Purge Example —10L80

e I 7189 s 18,0365 846.9 ms 3
24.37 psi | === -

2217.8 psi | === |- |

23.96 psi 18.88 psi 5.081 psi G

280.2 280.2 280.2 280

247.4 2474 2474 247

2146 2146 2146 2146

181.8 181.8 181.8 181.8

149.0 149.0 149.0 149.0

116.2 116.2 116.2 116.2

50.61 50.61 50.61 50.61

178 178 178 Tom— — — i - ——y = : e S e Y
. w— ;
15.0 -15.0 -15.0 @150 -
2.934 5.259 7.584 9.908 12.23 14.56 16.88 19.21 21.53 23.86 26..18 85 |
[ x1.0 | [ x1.0 | s = /0 RREITIN] +i0 | [v
7 | I m | =1




Air Purge Example —10L80

19.56 s 19.64

5

84.28 ms

psi psi psi

91.22 89.82 90.52

80.38 78.98 79.68

69.55 68.15 68.85

58.71 57.31 58.01

47.87 4647 4717 4

37.04 3564 36.34 2551

| x10 x| x10 |

-6.306-7.705 -7.006 -7.839

14.21 psi -

02. 1@ 00.7m01.4m 00.5 i N
i ps ps ! 18.96 psi -
1

-39.28 mpsi 1.826

89.68

psi

1.885 psi

e A Aok [ DM | il VAP AR AN | SR 1o
.' |

78.85

. |

|
!l .II"\.L‘WHI’ .

b

17.34 18.8 20.25 21.7 23.16 24,61 26.07

s

27.52

PR R R A R ARG IR | L AR
| i Iy

28.98

100.9899.55 101. @99.3 W~

psi psi psi
90.02 88.72 90.88 88.52
LA 7015 7700 5005 7768
68.35 67.05 69.21 6£6.85
57.51 56.21 58.38 56.01
46.67 45.37 47.54 45.17
35.84 3454 367 34.34
25.0 237 25.87 235
— |||| Il [Zoom Overview g X
i __ 1417 1287 2.67
A Ps..ss_;a_.'a'm;-‘ 1.83
et —— — |=
@7.5086.805-6.639 -9.004
3043 31.89 L
BYNi135H: |EEEH [ x10 |3
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“u

Who's using HP Tuners with transmissions?

| am, | use the editor and scanner

0
| am, but I only use the scanner

0
| am, but I only use the editor

0
No HP tuners for me .... yet

0
No HP tuners for me ..... everl

0

Start the presentation to see live content. For screen share software, share the entire screen. Get help at pollev.com/app 88




“u

If | did an evening HPTuners live session online, would you participate?

Monday evening

0
Tuesday evening

0
Wednesday evening

0
Thursday evening

0
Are you kidding me? Beer-thirty, I’'m off the clock and my brain turns off!

0

Start the presentation to see live content. For screen share software, share the entire screen. Get help at pollev.com/app 89




10L80 Tuning

e 2022 Silverado with clutches
tapped for pressure

* What changed?
e Shift Inertia
e Shift time
* Desired output torque factor
* Torque management

 What didn’t change?

e Baseline pressure
* Max pressure

* Max clutch

* Pressure offset




10L Baseline 40% Throttle 1-2 shift — ST 450ms
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10L Baseline 40% Throttle 2-3 shift — ST 425ms
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10L Baseline 40% Throttle 2-3 shift = ST 450ms
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10L Baseline 40% Throttle 7-8 shift = ST 275ms
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27 VCM Scanner (Beta): 2022 Chevrolet Silverado 1500, 5.3 L, 8 Cyl, 3GCPYFED1NG191453 [baseline b june 18 2025 trailboss.hpl]
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1OL Basellne 100% Throttle 2-3 shift — ST 400ms
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10L Baseline 100% Throttle 2-3 shift — ST 400ms

_.,'/'

Log File  Vehicle

7 bl 3

Layout Tools Help

O Find and Replace

@} Replace Fonts

I3 Select~
Editing

)

> 9
Create Dictate
aPDF v

Adobe Acrobat’ Voice

Sensitivity

Add-ins

Add-ins

Designer

v

MathType

Add-in

0% Throttle 2-3 shift — ST 400ms

7

1C

Speed (mph) Gear Ratio :I‘IFC .0 1,001,
57 251 TN /"’\
RPM (rpm) 55 3,0025 500.5
5,078 ﬂ 05
Shift Time (ms)
220 /
i / / 50 O
MAF (kFz)
96.0
C Pressure (psi)
0
Spark (1) a5, -:1'% 200 110
Throttle (%) N
100.0 \
rans eng tg (Ibft) B ——
206 2
Accel Pedal (%) _,_/\ \""J {____ﬁ_‘_,_,_.—--—'_'
99.0 \
: : : 350
pes 3 (psi) [\\ 175175 17
319 \ i
S —— ’M*_“_"_‘———\_A“_‘! mu_'_\__‘_‘—‘———\_m“,\_k, ! M’M“"—‘———“—\‘, —

' [N
s ! e
o B 1 f.l Bkl

n




1OL Baselme 100% Throttle 4-5 shift — ST 250ms
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10L Baseline 100% Throttle 4-5 shift — ST 250ms
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10L HP Tuner - Shift Inertia Tables
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Shift Inertia Increased 30%,
40% Throttle 1-2 shift—ST 375 ms

450,6 447.3 4493 Shift General Shift

[E5] [TCM] 39110 - Shift Inertia - 1 FW-2 FW

Shift Inertia
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1OL Baseline 40% Throttle 1-2 shift — ST 450ms

Shift inertia:

» Affected medium throttle shifts more than WOT

* Scanner reported shift times didn’t change much
(except 1-2)

* Quicker overall shift time

* Mostly the Torque Phase

» Shifting pressure remained the same or slightly higher




Shift Inertia Increased 30%, ’
40% Throttle 3-4 shift —ST 275 ms (5] [TCM] 39350 - Shift Inertia - 3-4

SOEew %8 QWIS EDBE

Engine Speed (rpm)
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Driver Dermand flb-ft?l Ij]

Shift inertia:

» Affected medium throttle shifts more than WOT

* Scanner reported shift times didn’t change much

* Quicker overall shift time

* Mostly the Torque Phase

» Shifting pressure remained the same or slightly
higher




Shift Inertia Increased 30%,

40% Throttle 6-7 shift — ST 275 ms
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Criver Demand (b ft) [H

Shift inertia:

» Affected medium throttle shifts more than WOT .- : |

* Scanner reported shift times didn’t change much e

* Quicker overall shift time |

* Mostly the Torque Phase

» Shifting pressure remained the same or slightly
higher




Shift Inertia Increased 30%,
100% Throttle 1-2 shift = ST 375 ms =] [TCM] 39110 - Shift Inertia - 1 FW-2 FW
i i ...... — m L:J :,Q: .IE —+
i 1.$068 i H|=]un) &L 2% e L9IEI
r : | - Engine Speed (rpr
LI
:3116 1J74 5140 | O 1,200 [ 2,000 [ 2,400 [2.800 [ 3,200 [ 3,600 [4.000 [ 5,350 | 5,700
f D ~1 -27 {000} 000 100 1.00 100 100 1.00 100 1.00
e | 2 © 000 000 100 100 100 100 1.00 100 100
I ‘ M| 55 1.00 250| 200 200 200 1.00 1.00 1.00 1.00
! E/111] 3.00| 3.25| 400 400| 400 400 400 400 4.00
g 166 3.00| 4.00| 4.25| 4.75| 500 500| 500 4.00| 4.00
' (227 400 400 450 500( 550 550| 600 V.50| 8.00
g 295 4.00| 4.00| 500( 650| V00, 725 7.50, 850 9.50
(369 550 550 600 F.00 V00| V.25 3.00 9.00 950
(V443 550 625| 675 7.00 7.00 7.25 850 10.00 10.00
| 10L Baselme 100% Throttle 1-2 shift— ST 375ms
N A . T el |
’ "_39 o 8. 8.9 ] 26.97 lil 0.9 lJ_.I :_9‘ 3 329 E E%E E; ' !z:: :: 55;: i
= — T
| \ [
Shift inertia: {Sﬁo 0 | -
. H : %ﬁ% -
» Affected medium throttle shifts more than wor  }»~ooo | [ R 1 /___m _________________ -
re L o o WI
* Scanner reported shift times didn’t change much et wwllllnm,;‘ b \WWmu‘“m,m,wm, W
e Quicker overall shift time | i‘,
* Mostly the Torque Phase s 6~:—~ T
I Y
» Shifting pressure remained the same or slightly 254 a8 S\ p
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Shift Inertia Increased 30%,
100% Throttle 3-4 Shlft ST 300 m

[TCM] 38350 - Shift Inertia - 3-4
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Driver Demand (b ft) [H
E

10L Baselme 100% Throttle 3-4 shift — ST 325ms
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Shift inertia:

e Affected medium throttle shifts more than WOT
* Scanner reported shift times didn’t change much

e Quicker overall shift time
* Mostly the Torque Phase

» Shifting pressure remained the same or slightly

higher
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Shift Inertia Increased 30%,
8 |==] [TCM] 39251 - Shift Inertia - 4-5
100% Throttle 4-5 shift — ST 250 ms i
, . B® vxlEEL -1t X|
; ; e FETEH %8 CHIEmI
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| T
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Shift inertia: e
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» Affected medium throttle shifts more than WOT s Ao 2
* Scanner reported shift times didn’t change much =y M s ARAAAMSIHUB o MM A el
* Quicker overall shift time T | | | '
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10L HP Tuner — Base Line Pressure

File  Edit Compare Flash  Toels  Window  Help

[ Pressure Pattern Select 10th ” Reverse |

Temperature Offset
[ Temperature Offset |

[ Temp Tables Scalar |

Safety Offset
| Safety Offset |

[TCM] 464 - Pressure Pattern Select - Shift Pattern B: Selects the pressure pattern used for Shift Pattern B shifts, it is recommended not to change these values.

Fo B 57 /l=p @& =0 | & & & & @
-1 Favorites .OS H@Engine m‘\’iﬁEngine Diag @a Trans Diag EﬂFuel Sys @ Systemn @Speedo

o

General Shift General Shift Scheduling Shift Pressures Shift Timir]
General Upshift Downshift

Pressure Pattern Select General Base Line Pressure

[ Pattern A Shift Unused o [ Max Pressure | 1-_"4-D||:::i [ 1st ” 2nd ” 3rd |

[ Pattern B Shift Unused  ~ | MaxClutch | 159.5]psi [ ah | sth | etk |

| Pattem C Shift Unused  ~ o | eh [ an |

[

No noticeable change in shift
feel, and know significant
change in pressure and timing
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10L HP Tuner — Pressure Of

~

set

File Edit Compare Flash Tecls Window  Help
H = = I/'ll = - E'ﬁ_ 5 IC)
L =g & =0 Lo w[F =

5 Favorites iiiOS [[E]Engine @Engine Diag -{@a Trans Diag EﬂFuel Sys @ System f

.
@

General Shift General Shift Scheduling Shift Pressure
General Upshift

Pattern X Pattern Y Pattern 7

[ 1st, Press Offset || 2nd, Press Offset | [ 1st, Press Offset || 2nd, Press Offset | | 1st, Press offset | 2nd, Press offset |

[ 3rd, Press Offset || 4th, Press Offset | | 3rd, Press Offset || dth, Press Offset | | 3rd, Press offset || 4th, Press offset |

I 5th, Press Offzet ” Gth, Press Offzet | I 5th, Press Offzet H gth, Press Offset | [ 5th, Press offset H bth, Press offset |

I Tth, Press Offzet ” 8th, Press Offzet | I 7th, Press Offzet H 8th, Press Offzet | [ Tth, Press offset H 8th, Press offset |
(S, Pres Offct | [, Press ot | (5, Pree ot |

[TCM] 13971 - Shift Pressure Offset 8th Gear Pattern V: The shift pressure offset added to base pressure,

No noticeable change in shift
feel, and know significant
change in pressure and timing
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10L HP Tuner — Desired Shift Time

61/@ VCM Editor - FA\OneDrive - Southern lllincis Universiy\AUT 3600\Content 10L-10R\hp tuners\22 silverado tune base.hpt
File Edit Compare Flash Tools Window Help
= - o =% s o 5
Fe bl £ o 44 =0 |Ce & o8O
, Favorites . as u@ Engine m‘j} Engine Diag @ Trans Diag iﬂ Fuel Sys @ System @ Sp

B Transmission
Genera Shift General Shift Scheduling Shift Pressures
Upshift
Desired Shift Time Transition Time Desired Qutput Torque Factor
Power Initial MNormal

e | —mldns e Reduced the inertia stage, which
(2 J(2mve |[2ke || [[Tenstontimer ) (2 [ 2rwa | 2ics } makes sense since that’s where

Lo e 7 Cos e Je7 ] the engine RPM drop exists
{
)

L34 [ s [ 3 { | 34 | 35 | 36
[ se [ 57 || &7 | [ 56 || s7 | &7
l
l

es |[ 78 |[ 70 [ e8 |[ 72 |[ 7o
(70 | es | s |70 || ss | =
e ] o]

[ TRw2rw [ 12K | [ P:c:.ﬂ.r-sz [[ 121k |

w3 [ ks [ z2ew-s | [1Frw-3 [ 1k ][ z2Pw-3

l
L 2ik3 || 2w || 2ika | | 2ik3 || 2Fw-4 || 21k4 |
-4 [ s [ e |

| a5 |[ a6 | a7 |
s-6 || 7 || &7 | s-6 || 57 |[ &7 |
2 || 7 |[ 7o | s || 78 |[ 7o |
[ N R [ | | P

[TCM] 38265 - Desired Shift Time - 6-7 Power: Desired shift time for 6-7 power shift based on torque and RPM

34 |[ s ][ 3 |

a5 |[ 45 |[ a7

[ l
[ I
[ l
[ I
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10L Desired Shift Time Reduced 30%,
40% Throttle 1 2 shlft ST 300ms Desired shift time:

i * Reduced the inertia phase of the
| . (e shift
I T T I 125 B — o * Pressures remain the same

I

- i

| [TCM] 39065 - Desired Shift Time - 1 FW-2 FW Power - Er—rr—rr—— }
S — e ——r e —

\

\

1
A s P [ 1.465 ‘
=S e eB=+x_| [ EEE = L AR [
' #.0 .00 =
HOEFE@w o< SLWEEHEIDB3 37|i $5 s |
Engine Speed (rpm) R 1
| |
1,200 [ 2,000 2,400 2,800 | 3,200 [ 3,600 [ 4,000 | 5,350 | 5,700 S | |
o "

-37 #0.1753 0300 0.362 0.425 0.476 0.525 0.575 0.700 | 0.200
C |0.300 | 0.900 | 1.000 | 1.398 | 1.499  1.599 | 1.608 ' 1.799 1.799
55|0.650 |0.851 [ 1.000 | 1.399 | 1.399 | 1.449 | 1.499 | 1.500 | 1.500

111 |0.49G | 0.700 | 0.750 | 0.899 | 0.999 | 1.000 | 1.100 | 1.250 | 1.250

166 [0.S000 0.500 | 0.500 | 0.550 | 0.649 | 0.649 | 0,650 | 0.700 | 0.700

221 [0.300 0.350 0399 0.424 |0.425 0.450 0.450 | 0.551 |0.551

295 |0.300 0.300 0.350 0.400 |0.415 0.430 0.440 | 0.525 0.530

369 0300 0.300 0.350 0.400 0410 0415 0433 0476 |0.500

443 [0.300 0.300 0.350 0.350 0.400 0400 0.425 | 0461 0.475

Criver Demand (b ft) D]




10L Desired Shift Time Reduced 30%,

Desired shift time:

Reduced the inertia phase of the
shift
Pressures remain the same

7518

018

B ® | v EEE9BRE =4+ XL
SMOEex 28 CWIHDE

Engine Speed (rpm)

1,200 2,000 | 2,400 | 2,300 | 3,200 | 3,600 [ 4,000 | 5,350 | 5,700

-37 [[XED) 0.250 0.300 |0.350 | 0.400 |0.450 | 0.496 | 0.609 | 0.700
0 /0.500 | 0.500 | 0.500 |0.500 |0.600 |0.699 |0.768 0.913 0.049
55 | 0.500 | 0.500 | 0.500 | 0.500 | 0.550 |0.600 | 0.668 |0.813 0.850
111 0.290 | 0.449 | 0.506 | 0.500 | 0.550 |0.550 | 0.600 | 0.600 | 0.600
166 | 0.250 0.3760.399 | 0.410 | 0.425 | 0.449 | 0.500 |0.506 |0.517
2210250 0.275 0300 0.3510.376 | 0.400 | 0.425 |0.425 |0.450
295 |0.200 0.200 0.270 0.320 0.320 |0.357 |0.395 |0.400 |0.430
369 |0.175 0.175 0.244 0.270 0.270 0.308 0.350 |0.390 |0.410

Criver Demand (b ft) Ij]

443 10150 0.150 0.220 0.245 0.245 0.246 0.245 0.245 0.245




10L Desired Shift Time Reduced 30%,
40% Throttle 6-7 shift —ST 175 ms Desired shift time:

4553 44

i * Reduced the inertia phase of the
i %&P"Lﬁ_ S shift

i e Pressures remain the same

|

1.168

P\

10L Baseline 40% Throttle 6-7 shift — ST 250ms

e I T
i 11 )

[TCKA] 35265 - Desired Shift Time - 6-7 Power

Y EEERIE R o

SOEew w0 SWSHEDOB

Engine Speed (rpm)

1,200 | 2,000 | 2,400 [ 2,800 [ 3,200 | 3,600 [ 4,000 | 5,350 | 5,700

-37 {350 0.399 | 0.450 | 0.500 | 0.550 | 0.600 | 0.636 | 0.677 0.800
0.675 0.675 0.699 0.749 0.300 0.800 0.200

55 0450 0.550 0.675 0.675 0.699 0.749 0.800 0.800 0.800
1110300 0.399 0.450 0.550 |0.600 |0.649 0.549 0.649 0.649

166 M0.2500 0.300 0324 0.399 | 0.501 |0.600 | 0.600 | 0.600  0.600

2210250 0.250 0301 0.375 0.453 |0.550 |0.574 |0.574 |0.574
255 [0.225 0.225 0.250 0.300 0.373 0.400 0.500 |0.549  0.549
365 0.225 0.225 0.225 0.250 0273 0.299 0.324 0.374 0.374
443 0.225 0.225 0.225 0.250 0273 0.299 0.324 0.374 0.374

Driver Demand (b ft) D]
=
Fou
=
]
=




10L Desired Shift Time Reduced 30%,
100% Throttle 1 2 shlft ST 275 ms

T |
| |
| |
| 0.982 [
| |
| A N
I Il
| 345 203 435 |
| | [
|/—'A ﬁ\ﬁ,—‘—q 250

i f

Ll“ “)Hnuu]

A e

_____________________________ 204
. | ’)Mﬂ” /Z

Desired shift time:
* Reduced the inertia phase of the

shift
* Pressures remain the same

W"”“’ I

|

|

| 0g 391
o .

5

<

FFFCM] 39065 - Desired Shift Time - 1 FW-2 FW Power
SOEexw %o mIAJ;.!E

Engine Speed (rpn

1,200 | 2,000 | 2,400 (2,800 | 3,200 | 3,600 | 4,000 | 5,350 | 5,700

-37 -ﬂ.?ﬂ] 0.362 0.425 0.476 | 0.525 | 0.575 | 0.700 | 0.800
C |0.300|0.900 (1.000 | 1.598 | 1.499 | 1.599  1.608 [1.799 1.799
55 | 0.650 1]351 1.000 | 1.399 | 1.399 | 1.440 | 1.499 | 1.500 | 1.500
111 [0.499 | 0.700 | 0.750 [ 0.299 [0.999 | 1.000 | 1.100 | 1.250 | 1.250
166 [OLS000 0.500 | 0.500 | 0.550 | 0.649 | 0.649 | 0,650 | 0.700 | 0.700
221 |0.300 0.350 0.399 0.424 0425|0450 0450 0.551 |0.551
295 |0.300 0.300 0.350 0.400 0.415|0.430 0440 0.525|0.530
369 |0.300 0.200° 0.350 0.400 0.410 0.415 0438 0476 0.500
443 [0.300 0.300 0.350 0.350 0.400 0.400 0425 0.461 | 0475

Criver Demand (Ib-ft) D]

—

|
|
|
|
|
|
|
|
|
|
1 -
———————————————— Y Y , T2
I
I
I
|
|

I | 258
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|
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10L Desired Shift Time Reduced 30%,
100% Throttle 3-4 shift — ST 225 ms

Desired shift time:

4460 4454 44

;
|
|
|
|
| |
3430 2424 3455 34 )\
‘ |
|
|

240.0 2394 2425 24

|
V T T,
' ‘v!t‘lH it

:|‘p““wd A‘iu‘w'fii ATy 1l n‘w? h ii“-! ,J LE ! ! A

1\“"” CERRY sy v
sl

Ii
| [
I " ]’{
B gy s
| |

|
8554 84 880 : 40 37

Y

220
“u,.w“-wn m'm"“A B JMHlmnlmm

]l

shift
* Pressures remain the same

* Reduced the inertia phase of the

-oD—~——.f—t—
O

7379 7879 8379 8879 937"

1138

[TCM] 39262 - Desired Shift Time - 3-4 Power

HS e EEE 9 2B =+

HOEex < SWEHED

Engine Speed (rpm

2,000

2,400

2,800

3,200

3,600

4,000

5,350

5,700

L0 =.0
1,200
-37

0.250

0.300

0.350

0.400

0.450

0.496

0.600

0.700

0|0.500

0.500

0.500

0.500

0.600

0.699

0.768

0.913

0.949

55 | 0.500

0.500

0.500

0.500

0.550

0.600

0.668

0.213

0.850

111 [0.290

0.449

0.506

0.500

0.550

0.550

0.600

0.600

0.600

166 |0.250

0.376

0.399

0.410

0.425

0.449

0.500

0.506

0.517

221
295
369
443

0.250

Driver Demand (b ft) Ij]

0.275

0.300

0.351

0.376

0.400

0.425

0.425

0.450

0.270

0.320

0.320

0.357

0.395

0.400

0.430

0.244

0.270

0.270

0.308

0.350

0.390

0.410

0.220

0.245

0.245

0.246

0.245

0.245

0.245

10L Baseline 100% Throttle 3-4 shift — ST 325ms
o N
m??m i DW; :‘E'- B, 1 > A A P A e I
I
|
|
J 455 F
o o1 s - L 219
hm‘_iwﬂ"r ””” II l'hlll\lJH{ E”HI"“HWIU” \M&muﬂ“ ‘ ”AAA .«* Aﬂ.“”“““hl] .
‘‘‘‘‘‘‘ AN |
i 51 68 |
. \M\f
s s ens oo WD AN A g a2 R T——bk—mm—rm e —m —a
o b N\ Tﬁ l 115 .
150-1192.-13.18 e 4 4 . v o




10L Desired Shift Time Reduced 30%,
100% Throttle 4-5 shift = ST 150 ms Desired shift time:

4460 4454 4485 44

* Reduced the inertia phase of the

'L\. == shift

* Pressures remain the same

|
|
|
|
| Il
I 0.943 i
|

TR A !
3430 2424 3455 [ \:
:258 406 275 :

|

- Y_}% 226
|

R 'nl"gl AR L .‘\,,Amumm-uwmwwwwmww#,-‘-‘il \:“,}.5."! 5vﬁ ArprperF A AR AT
Taull L U/ CANN e MPOEINA s e NN A e e AN A ' vV V v ‘ 0 %

I

8.5 |
L
370 | .\\'\,V
N
...y .43 48 [ 6D
) | 33 28Y
L L Y
! T | . .
< i T 0N TR S I 10L Baseline 100% Throttle 4-5 shift — ST 250ms
_ , RS N . . I
6 6 toof- 500,08 |
Im — '33'- 1081 nn 1ns 2.3 12.81 1331 13.81 “un E’;;S‘IO“ : S%?E: :
[TCM] 39263 - Desired Shift Time - 4-3 Power : :
A i W | — | 1.154 |
- ®0 00 OIS T = B [
Egﬁj If v Iﬁ L0 =0 Lﬂli'liﬂllnlﬂ :2?5 435 382 |
Engine Speed (rpm) F I
—_ 1 Y
u-l__’ 2425 2456 2443 l | A ( 2462
Al [1,200]2,000 2,400 2,300 3,200 2,600 4,000 | 5,350 [ 5,700 il‘“!lll}!&égﬁﬂéﬁy_‘gi !!!i!il“li‘,ﬁdj‘lry]_j!bl1-‘-“'1'.;i‘s's‘fi’»l,miu.im.-‘eﬁ:#yﬂz‘f ”‘H{“!“-“-x Ly
—1 =37 0.250 0.275 0.350 | 0.377 | 0.444 | 0.499 R ! | ; o :
"Dl 0/0.3890.399|0.399 | 0425 | 0.475 | 0.549 |0.698 0.748 0.748 "
@|| 550350 0.350 0.3990.425 0.4750.549 0.648 0.648 0.548 ST SO g,
£1/1110.280 0.350 |0.3750.425 | 0.449 |0.549 0.599 0599 0.599 | N\ 45 57| 62
/51166 0.225 0300 0.325|0.375 | 0450 | 0.499 | 0.551 | 0.551| 0551 ] % ™ l 7
221 0.267 0.306 0.356 0.400 | 0.450 |0.499 0.499 0499 | \ |
9l 295 0.241 0.278 0.304 0315 0.352 |0.375 0.399 | 0.399 e At L e
|/ 369 0.246 0.277 0.290 0301 0.301 |0.327 0.302 | 0.250 I S b 116 -
O 143 0.227 0.251 0.276 0.276 0.276 0.276 0.251 0.250 s . by P —




10L HP Tuner — Transition Time

g'/?i' VCM Editor - FAOneDrive - Southern lllincis UniversiphAUT 3600Content\ 10L-10R\hp tuners\22 silverado tune base.hpt
File Edit Compar Flash  Tools  Window  Help
L&H._._ﬂ/,ﬁ\l_t T e @@
/\. Favorites . 0s m’\’!il/!]E ngin m{E}E ngine Diag m -{@l Trans Diag Eﬂ Fuel Sys @ System QSFI

=
Genera Shift General Shift Scheduling Shift Pressures Shift
Upshift
Desired Shift Time Transition Time Desired Qutput Torque Factor
Power Initial MNormal

e L e No noticeable change in shift
T feel, and know significant

)
T
Sl | change in pressure and timing
[ 1

| 21k3 || 2Pw-a || 21k4 | Trensition Time % | 23 || 2Fw-a || 2iks

34 |[ 35 ][ 36

a5 |[ 45 |[ 47

[
[
[se |[ 57 |[ &7
[
[

62 || 78 |[ 79 62 || 78 |[ 79

710 |[ so | s 70 |[ so | e

9-10 9-10

Coast Special 1
[ rrwzrw  |[ T2k | [ 1rwzrw  |[ k21 |

w3 [ 1k ][ 2Pw-3 [1rw-3 [ 1z ][ 2Pw-3

| 21k3 || 2Pw-a || 21k-4 23 || 2Fw-a || 2iks

34 |[ 35 ][ 36 34 |[ 35 ][ 36

s-6 || 57 |[ &7

[
[
[
[

62 || 78 |[ 79 62 || 78 |[ 79

l
|
l
a5 [ 26 |[ a7 |
l
|
1

l
|
| l

a5 || 26 |[ a7 | [
| [s6 |[ 57 |[ &7
| l
1 [

117

[TCM] 19912 - Shift Time Initial Transition Time %: Percent of desired shift time to transition from initial turbine acceleration to maximum turbine acceleration.



T10L initial trans time red 30%, 40% Throttle 1-2 shift — ST 450ms

Shift General
Upshift

3983

2953

4408 4461 4485

3468 34

1408 1371 13935 14

po 84341 5 5.722 5 1335
B 3584 pai 2791 paa
18] 2,108 psi 219.7 usi

Transition Time

Initial

Final

Transition Time %
Transition Time %

1LK-» 2 LK
1FW-> 3
1LK-> 3
2FW-> 3
2LK-> 3
2FW -4
2LK-» 4
3-»4
-= 5
-= 6
-x 5
-= 6
-= 7
-= 6
-= 7
-= 7
-= 8
-= 8
-= 9
7-=10
8-»9
g-=10
3->10

e A= AL WY U N VS S VR R}

1FW -> 2 FW

[TCM] 19912 - Shift Time Initial Transition Time %

O=MEe

DO =+X )
sse LZEDE
Inertia Factor

2 3 4 5 6 7 8 9
0.0096 | 0.2500 | 0.2500 | 0.2500 | 0.2500 | 0.2500 | 0.2500 | 0.2500

.0.0996 0.0896 | 0.2002 | 0.2500 | 0.2500 | 0.2500 | 0.2500 | 0.2500 | 0.2500

0.1504 | 0.1504 | 0.1504 | 0.1504 | 0.1504 | 0.1504 | 0.2002 | 0.2002 | 0.2002
0.1504 | 0.1504 | 0.1504 | 0.1504 | 0.1504 | 0.1504 | 0.2002 | 0.2002 | 0.2002
0.3496 0.3496 0.34%6 0.3496 0.3496 0.3496 03496 0.3496 0.4004
0.3496 0.3496 0.34%6 0.3496 0.3496 0.3496 03496 0.3496 0.4004
0.2002 | 0.2002 | 0.2002 | 0.2002 | 0.2002 | 0.2002 | 0.2002 | 0.2002 | 0.2002
0.2002 | 0.2002 | 0.2002 | 0.2002 | 0.2002 | 0.2002 | 0.2002 | 0.2002 | 0.2002
0.2002 | 0.2500 | 0.2500 | 0.2500 | 0.2500 | 0.2500 | 0.2500 | 0.2500 | 0.2500
0.3496 | 0.3496 0.34%6  0.2002 | 0.2002 | 0.2002 | 0.3496 0.3496 0.4502
0.2002 | 0.2002 | 0.2002 | 0.2002 | 0.2002 | 0.2002 | 0.2002 | 0.2002 | 0.2002
0.0996 0.0996 0.1504 | 0.1504 | 0.1504 | 0.2002 | 0.2993 | 0.2998 | 0.2993
0.2002 | 0.2002 | 0.2002 | 0.2002 | 0.2002 | 0.2002 | 0.2002 | 0.2002 | 0.2002
0.2998 | 0.2993 | 0.2998 | 0.2993 | 0.2998 | 0.2098 | 0.2993 | 0.2998 | 0.2093
0.2002 | 0.2002 | 0.1748 | 0.1504 | 0.1504 | 0.1504 | 0.1504 | 0.1504 | 0.1504
0.2002 | 0.2002 | 0.2002 | 0.2002 | 0.2002 | 0.2002 | 0.2002 | 0.2500 | 0.2500
0.1504 | 0.1504 | 0.2500 | 0.2510 | 0.2510 | 0.2510 | 0.2510 | 0.2510 | 0.2510
0.2002 | 0.2002 | 0.2002 | 0.2002 | 0.2002 | 0.2002 | 0.2002 | 0.2002 | 0.2002
0.2002 | 0.2002 | 0.2002 | 0.2002 | 0.2002 | 0.2002 | 0.2002 | 0.2002 | 0.2002
0.2002 | 0.2002 | 0.2002 | 0.2002 | 0.2002 | 0.2002 | 0.2002 | 0.2002 | 0.2002
0.2998 | 0.2993 | 0.2998 | 0.2993 | 0.2998 | 0.2098 | 0.2993 | 0.2998 | 0.2993
0.2002 | 0.2002 | 0.2002 | 0.2002 | 0.2002 | 0.2002 | 0.2002 | 0.2002 | 0.2002
0.2998 | 0.2993 | 0.2998 | 0.2993 | 0.2998 | 0.2098 | 0.2993 | 0.2998 | 0.2993
0.2002 | 0.2002 | 0.2002 | 0.2002 | 0.2002 | 0.2002 | 0.2002 | 0.2002 | 0.2002

2303 2803 3303 3.803 4303 4803 5.303 5.803

Initial trans time:
e Although this example seemed like the shift time

was faster, it was only during this 1-2 shift
* Slightly higher throttle might be at play (line
pressure is higher)
Inconsistent changes but pressures and shift
times mostly remain the same

|
|
i i Y,
|
} 1.465
1 |
s it st
373 455 603
l—/ll\_‘ﬁlf_ll\ﬁ

0,183 9,683 1018 10,68




10L initial trans time red 30% - 40% Throttle 3-4 shift— ST 300ms
- " _[10L Baseline 40% Throttle 3-4 shift — ST 275ms
g ki

|
Initial trans time: | ]
* Inconsistent changes but ’ ‘
pressures and shift times mostly al 152
remain the same | y




Initial trans red 30%, 40% Throttle 6-7 shift — ST 275ms

1.285
}ll
ﬂ 1
I245 4i72 563 :
- 191
fi I I i /

e I S LT L L

10L Baseline 40% Throttle 6-7 shift — ST 250ms

Initial trans time:

* Inconsistent changes but
pressures and shift times mostly
remain the same




Inltlal Tran Red 30%, ‘IOO% Throttle 1-2 shift — ST 400 ms
:’.
-

258

|
[
|
|
|
[
|
[
[

|
[

040 271 2958 Y 1/ o
———————————————————————— |———————————— —_——— —_—_————— e —— — -
209‘

4 Vo I
L .” ’.h. |
[
[
[

Initial trans time: :ﬁuﬁp

* Inconsistent changes but
pressures and shift times mostly
remain the same - I N J,wlwm U

e R ! 77
: 64 L _ ‘“}47 100
ag ! 38 SOV
~ L/ | )
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Initial trans time:
* Inconsistent changes but
pressures and shift times mostly

h
426 464 455 I

219
I

|| llruu\llui é i“m“muwwmuﬁ“ ‘ “Ah’ u* AA‘*H“““M] -

Inltlal Tran Red 30%, 100% Throttle 3-4 shift — ST 325ms
i 1.352 i
: ﬁ '
}(

. |
remain the same o v e e R Y
| |
i 40 51/;:{»

| i \'M"MNN’}M
777777777777777777777777 ngw_w,mmmmw ’£47777+,, o 7 e 7 T e
o b I\ l 122 .
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Inltlal Tran Red 30%,

100% Throttle 4-5 shift = ST 250 ms

4444444

3468 34 345.5 4

iSos 3
|
I 1.077
| J |
| l |
[ )
:2A57 412 415 |
'( ;ni 225
| |
i A AR Madlhsannn A AAAMMN
hrila-is"‘.‘!‘\;!i!;pg * gni”“*‘h b] : i “; JH'LINI!U! 4‘ 'h:\:’a «vﬁhﬁrﬁi«“\ﬂ m mri‘i'ﬁﬁm' F
| I !
|
o 60
: '\\"1_* 51
31 42 \
33 "\ N\ 1OL Basellne 100% Throttle 4-5 shift — ST 250ms
% \ h |
N U *'\_':_'_""'_;___'_L_ """"""""""""" o S B B B : —— E T —
2800 859 29. 29.59 SD.D%I 30.59 31.09 él 59 32.09 : ;
: l 1.154 }
I k }
.. ) [ ﬁ
Initial trans time: :i?ﬁ:_‘f‘s {??f_“; iy
) [ E“
Inconsistent changes but |
g . ﬂ,“!“h{AAii5A"v!!'wh'lulvhlimhvll‘u il M“lml* '“W é' ‘5' s, j*‘{ii o
pressures and shift times mostly ! ! 7
remain the same —
i 32 45 57| 62
......... | Al RV
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Final trans time red 30%, 40% Throttle 1-2 shift— ST 400 ms _ _
004 o7 06 v FI n a | tra nS tl m e:
L | * Inconsistent changes but
447.9 4461 4481 4 | 4487 4 4474 . .
| pressures and shift times
3064 3 | .
| mostly remain the same
4.9 34 34 : 1 .408 345
| \
934 2 & Y
|
- === : - > }
In:: - ;I 3.1?—1 .3.634 4184 4684 5.184 5.684 6184 6.684 7984 mﬂ"??—;g 4488 4485 4503 4d : i =&m
= = i 1.465 i
[TCM] 19913 - Shift Time Final Transition Time % s s 33 LT TTTITITTT T‘—S;;——;;;ﬁ————;o—s———* ———————————————————— s
= BHEvevs O EE =X | | N
I OBOEICkw < SKWEREDOBE — 188
Inertia Factor o it A et

Initial

[ Transiticn Time % l 1 2 3 4 5 ] 7 ] 9
1R -» 2 W 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000

Final 1LK-» 2 LK 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
[ Transition Time % l 1FW-= 3 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
1LK-= 3 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
2FW-=3 0.7993 | 0.7993 | 0.7993 | 0.7993 | 0.7993 | 0.7993 | 0.7993 | 0.7933 | 0.7933
2LK-=3 0.7993 | 0.7993 | 0.7993 | 0.7993 | 0.7993 | 0.7993 | 0.7993 | 0.7933 | 0.7933
2FW-=4 0.7998 | 0.7993 | 0.7993 [ 0.7998 | 0.7998 | 0.7993 | 0.7993 | 0.7998 | 0.7998




Final trans time red 30% - 40% Throttle 3-4 shift—ST 275 ms
e - Final trans time:
i i kel e * Inconsistent changes but
| i T _ pressures and shift times
| | S T mostly remain the same
| |
| 1.5 |
i L |
| 400 669 430 |
| | | |
E‘h} i 152
. |
I/ENF_ SN SIS, SO . | b
|10L Baseline 40% Throttle 3-4 shift— ST 275ms
-

|
371 33 |
\ﬁqu-pfw,uﬂ,ﬁ,ﬂw,wmww oo Y

I S - ¢ : e
4 a ®1059
15.09 1558 16,09 1658 17.08 18.09



* Inconsistent changes but
pressures and shift times mostly
remain the same

Final trans red 30%, 40% Throttle 6-7 shift — ST 250 ms . .
M— | I Final trans time:

10L Baseline 40% Throttle 6-7 shift — ST 250ms




FlnalTran Red 30%, 100% Throttle 1-2 shift — ST 400 ms

4444444

Final trans time:
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* Inconsistent changes but
pressures and shift times
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Flnal Tran Red 30%, 100% Throttle 3-4 shift — ST 300 ms

o= e Final trans time:

T tEEZ:; T ' | | * Inconsistent changes but
pressures and shift times mostly
remain the same
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Final Tran Red 30%, 100% Throttle 4-5 shift—ST 225 ms

AR Final trans time:

' g * Inconsistent changes but
pressures and shift times mostly
remain the same

=
3 54

1.154
A

[ I
? 235 4f5 382 |
| il |

}HW ~Y—Jj 224

I | i
A A A A S AL A s
! ] r v

=
|
|
|
|
|
|
|

=8

-

I
19
ol
N

[0

N

,,,,,,,




10L HP Tuner — Desired Output Torque Factor

4}9 VCM Editor - FAOneDrive - Southern Illincis UniversiA\AUT 360%Content\ 10L-10R\hp tuners\22 silverado tune base.hpt
File Edit Compare Flash Teols Window  Help

feHE A ™ TE ¢ ¢80
.i_':ll-Favorites .OS @Engine n@EngineDiag %@TransDiag iﬂFueIS}rs @S}rstem @Speedo
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[TCM] 19849 - Shift Desired Qutput Torque Scale Factor 3-6 Special 1: This value defines the desired output torque profile as the shift progresses. 130




Output Torque Factor Increased 30%,

40% Throttle 1-2 shlft ST 350 ms Output torque factor:

')|1—M

* Didn’t always increase the shift
. speed as measured by the scanner.
1.266 L * Increased the shifting pressures
| \ slightly
3035 2025 2027 1 353 427 481 e . .
* For some gears, the total shift time
was slightly quicker

|
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4380 44 447.2

O]
B 3.104 psi
B 2604 paa 160.7 psi 1651 psi

Output Torque Factor Increased 30%,
40% Throttle 3-4 shift — ST 300 ms

Output torque factor:

Didn’t always increase the shift
speed as measured by the scanner.
Increased the shifting pressures
slightly

For some gears, the total shift time
was slightly quicker
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* Didn’t always increase the shift

Output Torque Factor Increased 30%,
40% Throttle 6-7 shift—ST 275 ms
e Output torque factor:

speed as measured by the scanner.

| S * Increased the shifting pressures

"'1 slightly

l * For some gears, the total shift time
was slightly quicker

10L Baseline 40% Throttle 6-7 shift — ST 250ms




Output Torque Factor Increased 30%,
100% Throttle 1-2 Sh|1"t ST 400 ms

44444
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Output torque factor:

Didn’t always increase the shift
speed as measured by the scanner.
Increased the shifting pressures
slightly

For some gears, the total shift time
was slightly quicker
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Output Torque Factor Increased 30%,

Output torque factor:

100% Throttle 3-4 shift — ST 325 ms

* Didn’t always increase the shift
speed as measured by the scanner.

* Increased the shifting pressures
slightly

* For some gears, the total shift time
was slightly quicker

10L Baselme 100% Throttle 3-4 shift — ST 325ms
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Output Torque Factor Increased 30%,

100% Throttle 4-5 shift — ST 250 ms Output torque factor:

_-_ _-_5\:4 esi z;o P zs.- T

* Didn’t always increase the shift
speed as measured by the scanner.

* Increased the shifting pressures
slightly

* For some gears, the total shift time
was slightly quicker

1OL Baselme 100% Throttle 4-5 shift — ST 250ms
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10L HP Tuner — Torgue Management

{/é' VCM Editor - FAOneDrive - Southern lllinois UniversityhAUT 360NContenty 10L-10R\hp tune

File Edit Compare Flash  Toocls  Window  Help

==N x] | Il | ==}
Fe B 5 50 48 =6 o

© ed@

< Favorites
[P |

E0S n[:ih Engine m:';} Engine Diag f‘@} Trans {ﬁ: Trans Diag Eﬂ Fuel Sys @ System @Speedo

HPtuners

-

g | l

Max Terque Gear vs Temp |

[TCM] 421 - Tq Red Enable Upshift: Master enable/disable for torque reduction on upshifts.

=]
General Shift General Shift Scheduling Shift Pressures Shift Timing
General

General Torgue Limit Tip-In TgMgt Limit TqMagt
Diff Score Disabled ~ Torque Limit CT Downshift FW Enable w [ Enable Temp | 256|=F

. l Gear Torque Limit Enable | Downshift No Throttle Downshift No Throttle ~
Intervention Type e —

I Max Torque Gear vs RPM | [ Min Torque Upshift |

Min TPS Upshift |

Torque Converter

Torgue Reduction

Upshift Enable ~
CT Downshift Enable 4
Speed Ctrl Terminate Speed Ramg
Mazx Shift Torque |

l Downshift Red Tg Accel |

I Downshift Red Tq Decel |

ICnast Downshifts H Power Upshift

=

Torque Manags
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Tuning — what changes?
Disable torqgue management

Note: this was at 40%
throttle because the
trans was slipping
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Chart vs. Time X -
Speed (mphll New Series (ms) . . 7.000 1.500
27 1.041.5 10L with torque management disabled
Cur. Ged = | J
RPM {rpn21] D I 80 55 3500 750
2570 e
LA T A1 /17 / i
MAF (g/91CC Pressure (psi) ’ 1\ D10 350
7967 0 —~\,_ .\
e (pm &,ﬂ"‘ 2505 175
2129 M,& A
. /"_’_’—_\—/‘M St I:I r
Spark () Yikes!ll  — 450 100 400 =
24.0
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37.7 I _ . —
rans eng tq (Ib-ft Y 25 -
185
pes 1 (psi) — T - — 3305350
319 59 N .
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—— 2‘36 10L with torque management enabled for reference — notice e
o much crisper shifts as noted by engine|speed drops
3 }:,—Jf—'—'—‘_'h N E &
RPM (rpm) I 80 55 3500
4 492 e
0 0
MAF (o/9)CC Pressure (psi) 300 ]
TCC slip (rpm) 150 250.5
219.3
— ,-—//\
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—\\ 000 O
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Conclusion

* Impressive how the electronics have such an influence over the shift
quality and durability of a modern transmission.

ECM inputs to provide information to a transmission control module
TCM uses that information to control clutch pressures, timing, and line pressure

Offgoing clutch is controlled precisely through PWM solenoid control pressure to a
clutch regulator valve, which controls pressure to the clutches

Oncoming clutch is controlled precisely through a TCM controlling a solenoid, which
controls pressure to a clutch regulator valve, which controls the pressure in the
clutches

These all have to work consistently through various temperatures and adapt for wear
over time

Output shaft RPM raises line pressure for some gears — Follows MAF?
Shift hunting in higher gears — maybe drivability symptoms?
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Transmission Tuning

* Best practices

Match transmission performance
to engine performance

Durability vs. Performance
Know what changes what?
Know what normal is before
changing anything
Understand what scan data is

showing you
e Command vs. Actual

* Worst Practices
* Not having a plan!

* Assume tables change operation
without verifying

* Remove torque management
without proper mechanical
modifications

e Assume that scan data values are
actual values (clutch pressures)



HP tuners — 6L

* Many techs modify the TCC application and
disable Active and Dynamic Fuel
Management (displacement on demand)

* The following slides cover modifications that
can be performed using tuning software such

* Experiment at your own risk

as HPTuners

File Edit Compare

- ) &
e & £ o 44 o &
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Flash  Tools Window Help
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w

& ©

I
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General Manual Shift General ~ Shift Scheduling  Shift Pressures
General Gear Ratios
[ ECM Trans Type Auto v [ 1st Gear R
[ ECM Auto Trans Type C2C W [ Znd Gear | 2-5'?| a1
o [ 3rd Gear [ 2081
Configuration
(VS5/055 Location  After Gearbox [ Goar [ 189
[ 5th Gear | 1-27'1 A
[ 6th Gear | 1-[:'[:'| A
[ th Gear | D-M| A
[ 8th Gear | D-55| A
[ Reverse | 3-32| A

[ Trans Gear Ratios |

o = sz
Shift Timing  Torgue Converter Torgue Managem
Cmd Gear Control Limits
[ Max RPM | 5.5[:'[:'| pm
[ Max Speed | 23[:'| mph

[ Upshift Min Speed |
[ Downshift Max Speed |

144

7 i
7 Favorites E“ios WinEngine |WNEngineDiag B Trans P Trans Diag E{I Fuel Sys @ System () Speedo
2 o= =
General Idl Rirflow Exhaust Fuel Spark Torque Model Torque Management
General 2 Open Loop / Base Power Enrich Temperature Contral Cutoff, DFCO Lean/ Fuel-Saving Flex Fuel
(" Displacement On Demand
eneral
Disable RPM | 3200pm | Variable Torque Hard Sliding Cam
\. J
[ECM] 2438 - DoD Disable RPM: DeD is disabled if RPM is above this value.
0108132 rpm
File Edit Compare Flash Tools Window Help
e bl £5 o 42 [sb [o e d@ HPuwners|
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Displacement On Demand
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[MiniGhvE v
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[ Enable ECT 97)F
[EcThyst 39
[ Disable REM 3,200 rpm
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HP tuners

* Modifications that
make a significant
change

Shift Pressure XYZ
Torque Adder

Transition Time

TCC Ramp, Gain,
Offset IF
modifications were
made

& Tra
General Manual Shift General Shift Scheduling Shift Pressures Shift Timing
General Upshift Downishift
Pattern X Pattern ¥ Pattern £
L2 J23 34 |} [2 23 J[ 3¢ | (2 J 23 [ 34 |
(a5 || 56 [ 13 | [ 45 | s | 13 | [ a5 | s |[ 13 |
[ 14 | 2a |[ 26 | [ = | 24 [ 26 | [ 1 | 24 |[ 26 |
[ 35 | 46 [ 35 |[ 48 | (35 || 48 |
B [TCM] 15872 - Base Shift Pressure 1-2 Pattern [E8] (M) 15883 - Base Shift Pressure 1-2 Patter B [TCM] 15894 - Base Shift Pressure 1-2 Pattern
= {EHE % HE % e
y 0 .00 T . &0 .00 " 0 .00 ras
TemEer @5 IO=E0Eer X% O=mEex ®2N €N
= Torque £ Torgl ¢ Torque (lb-
12 of 111 2| 332] 443 2 of 111 221 332] 443 e of 11| 21| 332] 443
5 -22 ] 145.0 1450 174.0 (2031 5 -22 [fEENY 1450 1450 174.0 (2031 = -22 JEE] 1450 1450 1740 (20813
14 1021 116.0 1311 167.1 [203.1 14 (1021 1160 1311 167.1 [203.1 14 1021 1160 1311 1671 [203.1
S| s8 FEHNIS40° 1160 160.1 [2031 5| s 73RN 940 1160 160.1 (2031 S| s JEERNI 940 1160 1601 [2031
‘| 86 I 4.0 1160 160.1 [2031 E 86 731 940 1160 71801 2031 w|| 86 IE3AN 940 1160 1601 [2037
E 257 73]/ 940 1160 1601 (2031 -~ 257 [N 940" 116.0 160.1 2031 E 257 a0 940 1160 1601 (2081

[TCM] 15501 - Base Shift Pressure 2-4 Pattem Z: The base line pressure {main line feed pressure solencid) during a shift.
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HP tuners: Increase shift pressure X,Y,Z 30%

[CEEL o [ o X f d
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40% throttle. Note the clutch holding (line) pressures are much
higher, but the fill, torque, and inertia pressures don’t alter much

146




HP tuners: Increase shift pressure X,Y,Z 30%
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P tuners — Torque Adder

-

[TCM] 15711 - Shift Time Input Torque Adder 1-2

HE| %% === 0 RR =+ X[~

EAEex %2 YWIEmDB
RPM (rpm)
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EEEEEAE
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[TCM] 15713 - Shift Time Input Torque Adder 3-4

L— Hﬁnb e

=+Xx_ |

CE0Fer %% CWIEDE
RPM (rpm)

1,250 [ 1750 | 2500 3,000 [ 3.750 | 4.500 [ 5.000 | 6.000
05000 05000 05438 0.5396 0.6504
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-30%

-

[TCM] 15711 - Shift Time Input Torque Adder 1-2
P 1

CERT e -

0@ 2% EWIEDE
RPM (rpm)

750 [ 1,250 [ 1,750 [ 2,500 [ 3.000 | 3.750 | 4,500 [ 5.000 | 6,000
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4375 4375 4375 4375 5078 5781 6484 7002 7002|
5254 4502 4727 4195 4502 5596 5596 6299 6299
5254 450.2 4727 4199 4199 5254 5430 5596 5596

EARE

S ek D0 2R =+ X

/118 | 5254 430.2 3496 g‘g}_é
{177 | 2496 3496 (3154 599.07
21736 | 3154 3154 (280312803 12803 | 2656 | 2656 2656 ThD
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'|§ {8 [TCM] 15712 - Shift Time Input Torque Adder 2-3 EIENES

FEOFelx 2% CWIHDE
RPM (rpm)
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Decrease torque adder 30% - Baseline 1-2 vs Mod 1-2 shift
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Decrease torque adder 30% at WOT throttle Baseline 2-3 vs Mod 2-3 shift
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Decrease transition time 30%

* What is “Transition
Time?”

e Decreasing this value
changes the “inertia”
time

* This also changes the
total solenoid time

 Shift pressures mostly
remain the same

EEmEe

[&] [TCM] 15761 - Shift Time Initial Transition Time ° |:||IEI||EE|

H = l®:+xE:]
e SWITEDO

Inertia Factor

1 2 3 4 5 5 7 3
Init Transttion AN [0:2803" 0.2100 0.2100 02100 0.1572 0.1572 0.1543 0.1543

General Manual Shift General

Transition Time

Torgue Adder

'
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Decrease transition time 30%

ALT BASELINE DUE TO THROTTLE MANAGEMENT

Decrease upshift transition time 30% at WOT- Last 2-3

62
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[
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fi
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2

shift

|

I
I
|
|

2-3 shift - Transition Time Mod ALT Baseline | Modified I

Line pressure 210 psi 210 psi |

35R clutch press change 1.23 sec 1.07 sec :

35R max pressure 188 psi 189 psi 39 q'

Fill I

. 35R pressure change time 313 ms 282 ms l

+  35R fill pressure 44 - 45 psi 39-42 psi l

*+  35R fill pressure change 1 psi 3 psi |

Torque and Inertia phase '

*  35R pressure change time 618 ms 349/183 ms

. 35R inertia pressure 39—62 psi 37-50-63 psi

. 35R inertia pressure change 23 psi 26 psi

Final phase

*  35R pressure change time 285 ms 256 ms

*  35R final pressure 78— 188 psi | 63 — 189 psi

*  35R final pressure change 110 psi 126 psi

2-3 shift - Transition Time Mod

Baseline

Modified

Line pressure 212 psi 211 psi

35R clutch press change 1.28 sec 1.14 sec
35R max pressure 197 psi 192 psi

Fill

*  35R pressure change time 334 ms 305 ms

* 3SR fill pressure 37 - 41 psi 38 psi

*  35Rfill pressure change 4 psi 0 psi
Torque and Inertia phase

*  35R pressure change time 598 ms 285/250 ms
. 35R inertia pressure 38—-41 psi 36-45-45 psi
*  35Rinertia pressure change 3 psi 9 psi

Final phase

* 35R pressure change time 306 ms 312 ms

*  35Rfinal pressure A41—197 psi | 45— 192 psi
*  35Rfinal pressure chan 156 psi 147 psi




Decrease transition time 30% WOT throttle Baseline 1-2 vs Mod 1-2 shift
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Decrease transition time 30% WOT throttle Baseline 2-3 vs Mod 2-3 shift
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