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Clamp Force Control During Tightening

Continuous Joint Integrity Monitoring After Installation



Bolted joints are commonly 

tightened and accepted 

based on applied torque. 

However, clamp force—the 

axial load that holds the joint 

together—is the actual 

fastening result.

Friction, surface conditions, 

embedment, gasket 

relaxation, vibration, and 

thermal cycling can cause 

achieved and retained 

preload to differ significantly 

from expectations.

ZIPPTORK BLMS uses a 

patented anti-loosening 

sensing washer to measure 

clamp force during 

tightening and monitor its 

change after installation.

Executive Overview

Turning Critical Bolt Preload into a Measurable Lifecycle Parameter
DURING TIGHTENING

Measure actual clamp 

force and support 

tightening control based 

on the required bolt load.

AFTER INSTALLATION

Establish the initial 

preload baseline for 

subsequent monitoring.

DURING OPERATION

Detect preload drift, 

abnormal variation or 

threshold excursions 

before they develop into 

joint-integrity risks.

Not every bolt requires continuous monitoring.
BLMS is designed for selected joints where safety, uptime, quality, or inspection accessibility makes preload visibility essential.



Bolted Joints Can Lose Integrity Without Visible Warning

Preload can degrade during operation—even when the bolt remains in place.

POTENTIAL CONSEQUENCES

Preload Loss

↓
Joint Separation or Microslip

↓
Leakage · Misalignment · Fatigue

↓
Unplanned Downtime or Safety Risk

A bolt can remain visually intact while its retained clamp force is already changing.
Periodic inspection may not reveal what happens between inspection intervals.

OPERATING CONDITIONS

• Embedment and surface settling 

• Gasket creep and relaxation 

• Vibration and transverse loading 

• Thermal expansion and contraction 

• Repeated or fluctuating external loads 

• Joint movement, wear or deformation

INITIAL PRELOAD

Tightening stretches the bolt and 

creates the clamp force that holds 

the joint together.

The retained preload determines 

the joint’s resistance to separation, 
slip, and vibration-induced 

movement.



Torque Is an Input—Not the Final Fastening Result
The same applied torque can produce different clamp forces under different fastening conditions.

WHAT BLMS CHANGES

BLMS measures the actual clamp force 

directly at the joint.

Instead of relying only on applied 

torque, the BLMS Sensing Washer 

provides direct visibility of the bolt load 

achieved during tightening.

Torque controls the tightening input. BLMS measures the fastening result.

SAME TORQUE ≠ SAME CLAMP FORCE

APPLIED TORQUE

↓
FRICTION & JOINT CONDITIONS

↓
ACTUAL CLAMP FORCE

• Same Torque → Higher Friction → 
Lower Clamp Force

• Same Torque → Lower Friction → 
Higher Clamp Force

APPLIED TORQUE

Applied torque must overcome:

• Thread friction

• Friction beneath the bolt head or nut

• Resistance created as the bolt stretches

Only part of the applied torque is 

converted into useful bolt tension and 

joint clamp force.



How BLMS Measures Clamp Force
The BLMS Sensing Washer converts bolt preload into a measurable electrical signal at the joint.

BLMS measures what the joint actually retains—not simply what the tightening tool applies.

FROM PRELOAD TO MEASUREMENT

BOLT TIGHTENING

↓
BOLT PRELOAD

↓
COMPRESSIVE LOAD ON SENSING WASHER

↓
ELECTRICAL SIGNAL

↓
MEASURED CLAMP FORCE

As bolt preload changes, the load acting on 

the sensing washer changes accordingly.

BLMS SENSING WASHER

Installed as part of the bolted joint

• Senses the compressive load
generated by bolt preload

• Measures clamp force directly at
the joint

WHAT BLMS MEASURES

DURING TIGHTENING

Measure the actual clamp force as the 

preload is established.

AFTER INSTALLATION

Establish the initial preload baseline.

DURING OPERATION

Monitor retained clamp force and detect 

preload changes over time.



From Sensing Washer to Connected Bolt Load Monitoring
BLMS converts clamp-force measurement at the joint into transmitted, monitored, and recorded bolt-load data.

From a Single Monitored Joint to a Multi-Point Bolt Load Monitoring Network

SWC—SENSING WASHER 

Measures Clamp Force

ST—Signal Transmitter

Signal Processing & Transmission

SG—System Gateway

Data Collection & Communication

APPLICATION SOFTWARE

Monitoring • Alarm • Data Recording

↓

↓

↓

1 | SENSING WASHER — SWC

• Installed at the monitored joint

• Measures bolt clamp force

• Supports preload measurement 

throughout the joint lifecycle

2 | SIGNAL TRANSMITTER — ST

• Receives the sensing washer signal

• Processes the sensor signal

• Transmits measurement data to the 

system

3 | SYSTEM GATEWAY — SG

• Collects data from multiple ST units

• Provides communication to the monitoring 

system

• Supports multi-point bolt-load monitoring

4 | APPLICATION SOFTWARE

• Displays clamp-force data

• Monitors preload status and 

threshold conditions

• Records measurement history 

for traceability
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