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Anatomy of a Shift - Part Two
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Southern Illinois 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
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Southern Illinois University - SIU
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Southern Illinois University - SIU
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YouTube: siu automotive
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Shift control 
The stages of a shift
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Shift Control Evolution –Comparison – Old vs. New

• Hydraulically controlled 
transmissions
• Pressure increase for holding force

• Clutch count/surface area

• One-way clutches (shift feel)

• Accumulators

• Orifices

• Wave/dished steels

• Piston return springs

• Modern Electronically Controlled 
transmissions
• Torque Management

• Throttle and spark advance

• Solenoid control
• Reduced pressure during the shift

• Specific phases of a shift

• Wave/dished steels

• Balance pressure

• Piston return springs
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Shift Control – The process

Line Pressure

Line Pressure

Shift Command

Releasing Clutch Applying Clutch

Control Rate and 
Amount Pressure 

Release

Complete Release

Fill Stage

Torque Stage

Inertia Stage

~1.2 Seconds

~0.4 Seconds
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Shift Control – good ol’ days – THM 400

Line Pressure

Line Pressure

Shift Command

Releasing Clutch Applying Clutch

Control Rate and 
Amount Pressure 

Release

Complete Release

Fill Stage

Torque Stage

Inertia Stage

Mechanical calibration
• Piston return spring
• Wave/Dish plates
• Orifices
• Accumulator piston size
• Acc spring tension
• Line pressure

Non-synchronous shifts (one-
way freewheeling) didn’t have 
to be concerned about timing
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Shift Control - modern electronically controlled transmission

Line Pressure

Line Pressure

Shift Command

Releasing Clutch Applying Clutch

Control Rate and 
Amount Pressure 

Release

Complete Release

Fill Stage

Torque Stage

Inertia Stage • Torque management
• Solenoid control

• Piston return spring
• Solenoid control

• Solenoid control
• Solenoid control
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What controls clutch feel?

• Fill phase – fill the clutch with 
fluid, compress the piston return 
spring

• Torque phase – on-coming 
pressure rise and off-going drop.  
No ratio change at this point.  
Torque hole because of bind-up 
and heat.

• Inertia phase – ratio change, 
engine speed drops, torque 
management portion

• Torque holding – after ratio 
change, keeps the clutches from 
slipping
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Synchronous Shift

Shift command Inertia Phase (speed ratio change)

Torque Phase
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Shift Control 
Examples
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Shift Evolution - Simpler yet more complicated
• GM 700R4

• 23 valves, 4 accumulators, 3 upshifts
• GM 10L – Ten Speed Trans

• 16 valves, 9 upshifts
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Shift Evolution - Simpler yet more complicated

• Honda 5-Speed Trans • Honda 10-Speed Trans

12 Valves22 Valves 20



Valving/Solenoid Evolution
The Beginnings - 4L60E
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Evolution - Very Basic Electronic Control - 4L60e 3-4 shift

• Line pressure

• Orifice
• Control fluid flow

• Accumulator
• Cushion shifts 

• Accumulator valve
• Control accumulator 

back fill pressure

• Servo
• Piston area
• Return spring
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Evolution - Very Basic Electronic Control - 4L60e 3-4 shift

• Hydraulically controlled 
transmissions
• Pressure increase for holding force

• Clutch count/surface area

• Accumulators

• Orifices

• Wave/dished steels

• Piston return springs

• Modern Electronically Controlled 
transmissions
• Torque Management

• Solenoid control
• Reduced pressure during the shift

• Specific phases of a shift

• Wave/dished steels

• Balance pressure

• Piston return springs

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

Shift valve stroke

Accumulator stroke
Build to line

Shift valve stroke

Accumulator stroke
Build to line

These two images show the same 3-4 shift, but with different accumulator valve spring tensions 23



Valving/Solenoid Evolution

41/42XE
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Evolution – Advanced yet simple hydraulics
42RE 1-2 Shift

• TCM – Solenoid PWM

• Accumulator

• Dish plates

• Orifice

Note: early 41TE schematic – 42RE has VLP 25



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

• Hydraulically controlled 
transmissions
• Pressure increase for holding force

• Clutch count/surface area

• Accumulators

• Orifices

• Wave/dished steels

• Piston return springs
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Evolution – Advanced yet simple hydraulics
42RLE 1-2 Shift

• Hydraulically controlled 
transmissions
• Pressure increase for holding force

• Clutch count/surface area

• Accumulators

• Orifices

• Wave/dished steels

• Piston return springs

Fill       Torque   Inertia      Final
27



Valving/Solenoid Evolution

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

2nd 3rd 4th 5th

CPC A CPC ACPC B CPC B
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Honda/Acura 5-speed shifts
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Honda/Acura 5-speed shifts

Fill               Torque                Inertia      Final
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2nd 3rd 4th 5th

CPC A CPC ACPC B CPC B

Line Line Line LineCPC CPC CPC

Honda/Acura 5-speed shifts
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Honda Evolution: Clutch Pressure Control 
1st Generation- Hydraulic Flow – Complicated

Line 
Pressure

Manual Valve

Shift ValvesCPC Solenoid

Modulator Valve Shift Solenoids

Clutch/Accumulator

CPC Valve

Example 2008 Honda Pilot

RED = Line Pressure      DK Blue = Modulator Pressure 33



Line 
Pressure

Manual Valve

Shift ValvesCPC Solenoid

Modulator Valve Shift Solenoids

Clutch/Accumulator

CPC Valve

Honda Evolution: Clutch Pressure Control 
1st Generation- Hydraulic Flow Chart – In-Gear Situation

RED = Line Pressure      DK Blue = Modulator Pressure 34



Line 
Pressure

Manual Valve

Shift ValvesCPC Solenoid

Modulator Valve Shift Solenoids

Clutch/Accumulator

CPC Valve

Honda Evolution: Clutch Pressure Control 
1st Generation- Hydraulic Flow Chart – During a shift

RED = Line Pressure      DK Blue = Modulator Pressure
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Line 
Pressure

Manual Valve

Shift ValvesCPC Solenoid

Modulator Valve Shift Solenoids

Clutch/Accumulator

CPC Valve

Honda Evolution: Clutch Pressure Control 
1st Generation- Hydraulic Flow Chart – After Shift

RED = Line Pressure      DK Blue = Modulator Pressure 36



Line

CPC Sol/Valve

Clutch

Shift Valve

Late model 5-speed

Honda Evolution: Clutch Pressure Control 
2nd Generation- Hydraulic Flow Chart – Less complicated

Modulator Valve
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Line

CPC Sol/Valve

Clutch

6-speed

Honda Evolution: Clutch Pressure Control 3rd 
Generation- 6 – speed - Hydraulic Flow Chart
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Line

CPC Sol/Valve

Clutch

Honda Evolution: Clutch Pressure Control 3rd 
Generation- 6 – speed - Hydraulic Flow Chart
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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
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Valving/Solenoid Evolution

GM 6L and 6T
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6L80 Third Gear Shift Control

• Orifice

• Solenoid
• Clutch regulator valve

• Boost valve

• Return spring

• Balance pressure

• Wave plate
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6L80 Upshift through 6th Gear 
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6L80 Upshift through 6th Gear 
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1st        2nd               3rd                         4th                                                                        5th                                                               6th  

1/2        2/3                   3/4                            4/5                                                          5/6  
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6L80 3-4 Upshift

Fill           Torque        Inertia    Final
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1-2 shift 40% throttle

• Line pressure 212 psi
• 2-6 clutch press change – 1.36 sec
• 2-6 max pressure – 168 psi
• 2-6 fill pressure 11 psi

Inertia Phase (speed ratio change)

Torque Phase
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1-2 shift 40% throttle

The solenoids, as 
graphed on a scan 
tool, matches the 
pressure curves 
pretty close.  It’s not 
actual clutch 
pressure, but the 
shape of the 
pressure curve is 
spot on.
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1-2 shift 40% throttle

Actual Pressure    Solenoid command amperage
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2-3 shift 40% throttle

Inertia Phase (speed ratio change)

Torque Phase

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 
occurring. 
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2-3 shift 40% throttle
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2-3 shift 40% throttle
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3-4 shift 40% throttle

Inertia Phase (speed ratio change)

Torque Phase

456 clutch pressure matches 
line pressure exactly
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4-5 shift 40% throttle

Inertia Phase (speed ratio change)

Torque Phase
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6L80 Recording at WOT
Note: look at the torque management on this run.  The module’s not 
only pull spark, but it also pulls throttle on multiple upshifts!  This is 
not always the case, so it’s likely skewing the data!
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1-2 WOT

At WOT, the torque 
and inertia phases 
show the greatest rise
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2-3 shift WOT
• Line pressure 216psi
• 35R clutch press change – 1.16 sec
• 35R max pressure – 189 psi
• 35R fill pressure - 38 psi
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Torque Management

• Much lower engine torque during shift
• Timing Reduction

• Throttle Reduction

• Only during Inertia Phase
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Torque Management

• Much lower engine torque during shift
• Timing Reduction

• Throttle Reduction

• Only during Inertia Phase

59



Torque Management

• Much lower engine torque during shift
• Timing Reduction

• Throttle Reduction

• Only during Inertia Phase
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Valving/Solenoid Evolution

GM 10L
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Electronic Operation – Linear Solenoids (10R/10L)

Line Pressure IN Line Pressure OUT

Reaction Pressure

EX Backfill 

TCM

Solenoid

Valve

Clutch 64



Electronic Operation – Linear Solenoids (10R)

TCM

Solenoid

Valve

Clutch

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 65



10L/10R TCM Control - PWM
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10L/10R Outputs – Solenoid Control
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10L Solenoid Control – Electrical 5-6 shift C ON, D OFF
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10L Solenoid Control – Electrical 5-6 shift 
C modulates OFF, D  modulates ON (fill phase)
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10L Solenoid Control – Electrical 5-6 shift 
C modulates OFF (torq phase), D modulates ON (torq phase) 
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10L Solenoid Control – Electrical 5-6 shift
C modulates OFF (torq phase), D modulates ON (torq phase)
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10L Solenoid Control – Electrical 5-6 shift
C is OFF, D modulates ON (Inertia phase)
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10L Solenoid Control – Electrical 5-6 shift final
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Solenoid Reaction Sensitivity
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Evolution – 10L80

• Modern Electronically Controlled 
transmissions
• Torque Management

• Solenoid control
• Reduced pressure during the shift

• Specific phases of a shift

• Wave/dished steels

• Balance pressure

• Piston return springs

1/2       2/3     3/4       4/5      5/6      6/7  76



Evolution – 10L80

• Modern Electronically Controlled 
transmissions
• Torque Management

• Solenoid control
• Reduced pressure during the shift

• Specific phases of a shift

• Wave/dished steels

• Balance pressure

• Piston return springs

1/2       2/3     3/4       4/5      5/6      6/7  

Look how much of this 10 second acceleration is just shifting! 77



Evolution – 10L80 shift phases solenoid 
command vs actual pressure
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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

~75 psi

20-30 psi

~75 psi

20-35 psi

310 psi
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• Torque 
Reduction

• TP 
manipulation
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Knowing how precise the 
electronic control is…….
Keep in mind clutch clearance, leaks, pressures, bore wear
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Clutch Clearance

• Essential
• 6L80 Example

• ~0.025” window

• Five snap rings 
available
• ~0.010 difference
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Clutch Clearance – 10R example

• 0.012” – 0.024” window of clutch clearance between all 
clutches

5 plates, ~0.008” variation
6 snap rings, 0.012” variation
5 snap rings, 0.008” variation
6 snap rings, 0.008” variation
6 plates, ~0.004” - 0.008” variation
6 snap rings, 0.008” variation
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Air Purge

Example – 6L80

Line pressure 
265psi, 3/5/R 
pressure pulses to 
about 35 psi for ¼ 
second intervals

Single 456 pulse to 
about 31 psi
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Air Purge Example – 10L80
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Air Purge Example – 10L80
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HP Tuning
GM 10L
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10L80 Tuning

• 2022 Silverado with clutches 
tapped for pressure

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

• What didn’t change?
• Baseline pressure
• Max pressure
• Max clutch
• Pressure offset
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10L Baseline 40% Throttle 1-2 shift – ST 450ms

24
24

38

59

188

373         455               603

1.465

51

147

Baseline data 
comparing scanner 
shift time to actual 
pressures and 
measured time 
using PICO.
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10L Baseline 40% Throttle 2-3 shift – ST 425ms

24 24

38
53

141

248      461               587

1.31
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10L Baseline 40% Throttle 2-3 shift – ST 450ms
Baseline data 
comparing scanner 
shift time to actual 
pressures and 
measured time 
using PICO.
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10L Baseline 40% Throttle 7-8 shift – ST 275ms

14 20
25

138

360        346         395

1.104

35
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10L Baseline 100% Throttle 2-3 shift – ST 400ms

27

65 75

215

297         418          450

1.164

82

21

240
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10L Baseline 100% Throttle 2-3 shift – ST 400ms
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10L Baseline 100% Throttle 4-5 shift – ST 250ms

36 32
45

224

235      435        382

1.154

57 62
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10L Baseline 100% Throttle 4-5 shift – ST 250ms

100



10L HP Tuner - Shift Inertia Tables

101



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 102
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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 107



10L HP Tuner – Base Line Pressure

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

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

Reduced the inertia stage, which 
makes sense since that’s where 
the engine RPM drop exists

110



Desired shift time:  
• Reduced the inertia phase of the 

shift
• Pressures remain the same
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Desired shift time:  
• Reduced the inertia phase of the 

shift
• Pressures remain the same
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Desired shift time:  
• Reduced the inertia phase of the 

shift
• Pressures remain the same
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Desired shift time:  
• Reduced the inertia phase of the 

shift
• Pressures remain the same
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1.215

Desired shift time:  
• Reduced the inertia phase of the 

shift
• Pressures remain the same
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Desired shift time:  
• Reduced the inertia phase of the 

shift
• Pressures remain the same
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10L HP Tuner – Transition Time

No noticeable change in shift 
feel, and know significant 
change in pressure and timing
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Initial trans time:  
• 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 118



Initial trans time:  
• Inconsistent changes but 

pressures and shift times mostly 
remain the same
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Initial trans time:  
• Inconsistent changes but 

pressures and shift times mostly 
remain the same
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Initial trans time:  
• Inconsistent changes but 

pressures and shift times mostly 
remain the same
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Initial trans time:  
• Inconsistent changes but 

pressures and shift times mostly 
remain the same
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Initial trans time:  
• Inconsistent changes but 

pressures and shift times mostly 
remain the same
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Final trans time:  
• Inconsistent changes but 

pressures and shift times 
mostly remain the same
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Final trans time:  
• Inconsistent changes but 

pressures and shift times 
mostly remain the same
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Final trans time:  
• Inconsistent changes but 

pressures and shift times mostly 
remain the same
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Final trans time:  
• Inconsistent changes but 

pressures and shift times 
mostly remain the same
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Final trans time:  
• Inconsistent changes but 

pressures and shift times mostly 
remain the same
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Final trans time:  
• Inconsistent changes but 

pressures and shift times mostly 
remain the same
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10L HP Tuner – Desired Output Torque Factor

• Slight effect on shift time
• Sometimes Torque 

Phase/Sometimes Inertia Phase
• Shift times didn’t really change 

much
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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:  
• 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:  
• 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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10L HP Tuner – Torque Management

137



Tuning – what changes?
Disable torque management 
• Torque Management?

Note: this was at 40%  
throttle because the 
trans was slipping
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Tuning – what changes?
Disable torque management 
• Torque Management?

Note: this was at 40%  
throttle because the 
trans was slipping

10L with torque management disabled

Yikes!!!
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10L with torque management enabled for reference – notice 
much crisper shifts as noted by engine speed drops
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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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HP Tuning
GM 6L
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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
• Command vs. Actual

• Worst Practices
• Not having a plan!

• Assume tables change operation 
without verifying

• Remove torque management 
without proper mechanical 
modifications

• Assume that scan data values are 
actual values (clutch pressures)
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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 
as HPTuners

• Experiment at your own risk
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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
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HP tuners: Increase shift pressure X,Y,Z 30%

212 168

18

255

242

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

43

37

44

197 153

46

188

52

170

44
41

52

19 38 41

Baseline

Modified
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HP tuners: Increase shift pressure X,Y,Z 30%

WOT throttle. Note the clutch holding (line) pressures are much 
higher, but the fill, torque, and inertia pressures don’t alter much

217 168

16

170

226

65

38

59

188

251

60
62

12 39

Baseline

Modified
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HP tuners – Torque Adder

-30%

148



Decrease torque adder 30% - Baseline 1-2 vs Mod 1-2 shift

383 ms 251 ms

250 ms454 ms704 ms

634 ms
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299 ms 242 ms

366 ms 250 ms

Decrease torque adder 30% at WOT throttle Baseline 2-3 vs Mod 2-3 shift

541 ms

616 ms
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Decrease transition time 30%

• What is “Transition 
Time?”
• Decreasing this value 

changes the “inertia” 
time

• This also changes the 
total solenoid time

• Shift pressures mostly 
remain the same
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Decrease transition time 30%

For the most part, shift pressures 
didn’t change, just the time it 
spent in the “inertia” phase
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Decrease transition time 30% WOT throttle Baseline 1-2 vs Mod 1-2 shift

480 ms 198 ms

250 ms454 ms704 ms

678 ms
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368 ms

366 ms 250 ms

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

570 ms

616 ms

191 ms
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