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The evolution of automotive drivetrain technology has been defined by the pursuit of a balance between fuel 

efficiency, power delivery, and shift quality. At the forefront of this evolution is Aisin Warner, a joint venture between 

Aisin Seiki and BorgWarner that has become synonymous with reliability in the realm of automatic transmissions. 

Among its diverse portfolio, the TF-70SC stands out as a sophisticated 6-speed transverse automatic transmission 

designed for front-wheel-drive (FWD) applications. Known internally by various codes such as the AW60T or AT6-6

, this transmission is a staple in European and Asian markets, found in vehicles ranging from the Fiat 500 to

Peugeot and Citroën models. This technical analysis explores the architectural intricacies, hydraulic control logic,

and maintenance protocols essential for the longevity of the TF-70SC.

1. Architectural Overview and Design Philosophy

The TF-70SC is engineered to provide high torque capacity within a compact, lightweight housing. Its design 

philosophy centers on the Lepelletier gear setarrangement. This specific configuration allows for six forward

speeds and one reverse speed using a single-planet gear set followed by a Ravigneaux planetary gear set. By

reducing the number of components required to achieve six ratios, Aisin engineers were able to minimize internal

friction and overall transmission weight (approximately 70-85kg depending on the specific application).

1.1 Mechanical Components and Clutch Packs

The mechanical efficiency of the TF-70SC is derived from its precise clutch and brake application. The internal

structure includes several key friction elements:

•  K1 Clutch (Input Clutch): Engaged in gears 1, 2, 3, and 4. It features a specific 147mm outer diameter with 56 

teeth, optimized for smooth engagement under low-to-mid torque loads.

•  K2 Clutch: Engaged in gears 4, 5, and 6. This clutch is critical for high-speed cruising efficiency.

•  K3 Clutch: Active in 3rd, 5th, and Reverse.

•  B1 Brake: Utilized for 2nd and 6th gears.

•  B2 Brake: Critical for 1st gear (engine braking) and Reverse.

The Drum 3-5-Reverse assembly(TF70S35RDR) is a frequent point of interest for technicians. This assembly

must withstand significant rotational stress and thermal cycling, as it houses the piston and friction discs

responsible for direct drive and reverse torque transfer. The structural integrity of this drum is paramount to

preventing pressure losses that lead to gear flare or slippage.

2. Technical Specifications and Comparison

To understand the TF-70SC's position in the market, it is helpful to compare it with its counterparts, such as the

heavy-duty TF-80SC and the newer 8-speed AWF8F35. While the TF-80SC is designed for high-torque diesel and

turbocharged engines, the TF-70SC is optimized for mid-range torque applications, providing a more responsive

feel for smaller displacement engines.

Table 1: Comparative Analysis of Aisin Warner Transverse Transmissions



Feature TF-70SC (AW60T) TF-80SC (AF40) AWF8F35 (8-Speed)

Speeds 6 Forward, 1 Reverse 6 Forward, 1 Reverse 8 Forward, 1 Reverse

Torque Capacity Up to 300 Nm Up to 450 Nm Up to 350-480 Nm

Gear Set Type Lepelletier Lepelletier Compound Planetary

Weight (Approx) 75 kg 90 kg 85-95 kg

Typical Application Peugeot 208, Fiat 500 Volvo XC90, Opel Insignia BMW X1, Toyota Camry

3. Hydraulic Control and Valve Body Mechanics

The "brain" of the TF-70SC is the Valve Body. In this 6-speed unit, the valve body (Part Code: TF70VB) is an 

intricate maze of hydraulic circuits and solenoids that convert electrical signals from the Transmission Control 

Module (TCM) into mechanical pressure. The TF-70SC uses a series of Linear Solenoidsto control clutch

engagement and line pressure.

3.1 Solenoid Functionality

Unlike older on/off solenoids, the linear solenoids in the TF-70SC allow for precise modulation of hydraulic

pressure. This is essential for "clutch-to-clutch" shifting, where one friction element is released while another is

applied simultaneously. If the timing is off by even milliseconds, the driver will feel a "shift shock" or experience

excessive wear on the clutch lining. The solenoids regulate:

1.  SLU (Lock-up Control): Manages the torque converter clutch (TCC) engagement to improve fuel economy at 

steady speeds.

2.  SLC1, SLC2, SLC3: Directly control the application of the K1, K2, and K3 clutches.

3.  SLB1: Controls the B1 brake application.

4.  SLT: Controls main line pressure based on engine load and throttle position.

3.2 Diagnostic Testing with the STM-K

Advanced diagnostics for the TF-70SC often require specialized equipment like the Solenoid Test Machine STM-K

. This device emulates the TCM signals to test the response time and flow rate of individual solenoids. Because the

solenoids operate with pulse-width modulation (PWM), a standard multimeter check of resistance is often

insufficient. A solenoid might have correct resistance but fail to move smoothly due to internal debris or thermal

expansion of the solenoid pintle.

4. Electronic Control Logic and Adaptive Learning

The TF-70SC utilizes sophisticated software to maintain shift quality over the life of the vehicle. The TCM monitors 

the time it takes for a shift to complete (the transition between gear ratios). If it detects that a shift is taking longer 

than the target value due to clutch wear, it automatically increases the hydraulic pressure for the next shift cycle. 

This process is known as Adaptive Learning.

For technicians, this means that after a fluid change or a valve body replacement, a re-learn procedure

(Adaptation Reset) must be performed using a diagnostic scanner. Failure to do so can result in harsh shifts, as the

TCM continues to apply high pressure meant for worn components to the newly installed parts.



5. Fluid Dynamics and Lubrication Requirements

The lifeblood of the TF-70SC is its Automatic Transmission Fluid (ATF). Modern Aisin transmissions are extremely 

sensitive to fluid viscosity and additive packages. The TF-70SC typically requires JWS 3324 or AW-1specification

fluid.

5.1 The Importance of Low Viscosity ATF

AW-1 fluid is a low-viscosity synthetic fluid designed to reduce parasitic drag within the transmission. This

contributes to the overall fuel efficiency of the vehicle. Furthermore, the fluid contains friction modifiers that ensure

the torque converter lock-up clutch engages smoothly without "shudder." Using a generic Multi-Vehicle ATF that

does not meet the AW-1 spec can lead to premature failure of the valve body and glazing of the clutch plates.

5.2 Thermal Management

Transmission fluid serves two purposes: hydraulic actuation and cooling. The TF-70SC often employs an external

oil cooler or a heat exchanger mounted directly to the transmission case. In high-load environments, fluid

temperatures can exceed 100°C. For every 10°C increase above the recommended operating temperature, the life

of the fluid is effectively halved due to oxidation. Therefore, regular fluid inspections are mandatory, despite many

manufacturers labeling these units as "filled for life."

6. Common Failure Modes and Troubleshooting

Despite its robust design, the TF-70SC is susceptible to specific issues, particularly as mileage exceeds 100,000

km. Understanding these failure modes allows for proactive maintenance and more accurate quoting for repairs.

6.1 Valve Body Wear

The most common issue with the TF-70SC is wear within the valve body casting. The steel valves constantly

oscillate within the aluminum bores. Over time, the abrasive particles in the fluid wear down the bore, leading to

hydraulic leaks. Symptoms include:

•  Harsh Downshifts (3-2 or 2-1): Often caused by sticking valves or worn solenoid regulators.

•  Delayed Engagement: A delay when shifting from Neutral to Drive or Reverse, followed by a violent thud.

•  TCC Shudder: A vibration felt at speeds between 40-70 km/h, indicating the lock-up clutch is slipping.

6.2 K1 Clutch Failure

Because the K1 clutch is used in the first four gears, it undergoes the most duty cycles. If the line pressure is

insufficient (due to a faulty SLT solenoid or valve body wear), the K1 clutch will slip. This usually manifests as a

P0731, P0732, P0733, or P0734 gear ratio error code. Upon teardown, technicians often find the K1 friction discs

burnt or the piston seals hardened.

7. Step-by-Step Maintenance Guide: ATF Exchange

To maximize the lifespan of the TF-70SC, a partial fluid exchange every 60,000 km is recommended. Below is the

technical procedure for a standard fluid service:

1.  Initial Inspection: Connect a diagnostic tool and check for existing fault codes. Monitor the transmission fluid 

temperature (TFT). The level must be checked when the fluid is between 35°C and 45°C.

2.  Draining: Remove the drain plug located at the bottom of the transmission case. Note that there is a level 

tube (overflow tube) inside the drain hole. Remove this tube with a hex key to drain the remaining fluid (total drain is 

usually 3-4 liters).



3.  Refilling: Reinstall the level tube and drain plug loosely. Fill the transmission through the fill plug (usually 

located on top of the case) with approximately 4 liters of AW-1 spec fluid.

4.  Level Setting: Start the engine and cycle through all gear positions (P, R, N, D) holding each for 5 seconds. 

With the engine running and fluid at 40°C, remove the drain plug (leave the internal level tube in place). Allow 

excess fluid to drain until it turns from a steady stream to a drip.

5.  Completion: Tighten the drain plug with a new crush washer and perform a test drive.

8. Engineering Mathematical Models for Torque Transfer

The torque capacity of the TF-70SC can be analyzed through the friction torque formula for multi-plate clutches:

T = n * ;Â�¢���¢���¢�%öÐ

Where:

•  T: Torque capacity (Nm)

•  n: Number of friction surfaces

•  ;Ã  Friction coefficient of the material

•  P: Hydraulic pressure applied to the piston

•  A: Surface area of the piston

•  R_m: Mean radius of the friction disc

In the TF-70SC, if the hydraulic pressure (P) drops due to a worn valve body bore, the torque capacity (T) falls

below the engine's output torque, leading to slippage. This is why maintaining hydraulic integrity via clean fluid and

functional solenoids is the single most important factor in transmission health.

The Aisin Warner TF-70SC is a masterpiece of compact engineering, providing the smooth shifting characteristics

of a luxury vehicle in a package suitable for small and mid-sized cars. While its complexity requires specialized

diagnostic tools like the STM-K and precise maintenance using AW-1 fluid, its core mechanical design is

exceptionally durable. For the automotive professional, understanding the Lepelletier gear set logic and the

nuances of the linear solenoid valve body is key to mastering this transmission's service and repair. As the industry

moves toward electrification, the TF-70SC remains a pinnacle of internal combustion drivetrain refinement,

demonstrating that six well-managed speeds are often superior to more complex alternatives when implemented

with precision engineering.
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