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High Voltage Leak Detection – HVLD

❑ Deterministic Leak Test Technology(*)

➢ “…Deterministic methods are characterized as being capable of reproducibly detecting leaks at

clearly defined and predictable detection limits…”

➢ “…A deterministic leak test method having the ability to detect leaks at the product's maximum

allowable leakage limit is preferred when establishing the inherent integrity of a container–

closure system…”
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(*) United States Pharmacopoeia –USP <1207.2>  Package Integrity Leak Test Technologies



design and  manufacturing  of  inspection  machines

HVLD – Overview

❑ Description of the Method:

➢ HVLD method exploits the electrical conductivity of the packaged liquid product

in an electrically insulated container

➢ A high-frequency high-voltage potential is applied to the container by two

electrodes and discharge current is measured

➢ If cracks or pinholes are present on the container surface, the circuit capacitance is

shorted while the current flow between the electrodes increases and waveform

signal becomes asymmetric
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HVLD – Principle

❑ Logic Circuit Equivalence

➢ C1 = capacitive coupling between electrode 1

and liquid product

➢ RL = liquid product resistance

➢ C2: capacitive coupling between

measurement electrode and liquid product

➢ RS = shunt resistance used in the

measurement circuit

➢ HV = High Voltage generator
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HVLD – Application

❑ Conforming Container

➢ Equivalent circuit remains the same

➢ I (*) does not flow through the liquid 

product

➢ I (*) flows at a low value (capacitive only)

➢ Container closure integrity demonstrated
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HVLD – Application (cont’d)

❑ Defective Container

➢ V(**) ↑, discharge is made through the leak

➢ I (*) flows through the liquid product

➢ Headspace gas temperature ↑, C1 is shorted

➢ I (*) value is proportional to RL

➢ Difference between conforming and

defective containers is evident
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1. Discharge ON

2. Discharge OFF

(*) I = current;  (**) V = potential difference between electrodes
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HVLD – Current - Voltage Characteristics

❑ Typical I-V Curves:

1. Conforming Container

2. Defective Container
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Traditional Peak Based HVLD System

❑ The traditional leak test equipment principle is based on the

measurement of the current peak

❑ HV generator system:

➢ Generation of a sequence of pulses

➢ Pulses amplitude is set in the recipe

➢ Calculation of Vp and Vm:

a) 𝑉𝑝 = 𝑀𝑎𝑥 𝑖 𝑡

b) 𝑉𝑚 = 𝑀𝑎𝑥(𝑛){𝑡0
𝑡1
|𝑖 𝑡 |𝜎(𝑡 − 𝑡0)𝑑𝑡} ; 𝑡1

𝑡2
|𝑖 𝑡 |𝜎(𝑡 − 𝑡1)𝑑𝑡} ; … ; 𝑡𝑛

𝑡𝑛+1
|𝑖 𝑡 |𝜎(𝑡 − 𝑡𝑛)𝑑𝑡};

▪ 𝜎 𝑡 = ቊ
1; 𝑓𝑜𝑟 0 ≤ 𝑡 − 𝑛𝑇𝑝 ≤ 𝑇𝑠

0; 𝑒𝑙𝑠𝑒
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Traditional Peak Based HVLD System – Pros & Cons
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Advantages Disadvantages

❑ The measure of Vm in addition to Vp allows to:

➢ Distinguish real leakages from weak pulses

❑ Weak pulses can be generated in case of

container surface slightly conductive

❑ Typical cases are dirty containers of slightly wet

❑ Low sensitivity in case of:

➢ Low liquid product conductivity

➢ Integrity defects small in size

➢ Container large wall thickness

➢ Large containers and fill volume

➢ Widespread electrodes
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Convel HVLD System – Patent EP 2365309

10

❑ Need to overcome the limitations of traditional HVLD systems

❑ Assessment of:

➢ large containers

➢ low fill volumes

➢ low product conductivity (< 5µS)

❑ EP 2365309: “Method for controlling the sealing of a cap on a container and

apparatus for controlling the above-mentioned sealing”
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Convel HVLD System – Patent EP 2365309
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Vm(2)= (Area-)+ (Area+) 

 

Conforming container Defective container
❑ Vp(2) ≈Vp(1)

❑ (!) It should be Vp(2) >> Vp(1)

❑ Vm(2) ≈Vm(1)

❑ Traditional peak based system does

not distinguish conforming and

defective containers easily



design and  manufacturing  of  inspection  machines

Convel HVLD System – Patent EP 2365309 (cont’d)
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Vf(2)= (Area-)- (Area+) 

 

❑ Measurement mode changed:

➢ Vf instead of Vm

a) 𝑉𝑓 = 𝑀𝑎𝑥(𝑛){𝑡0
𝑡1
𝑖 𝑡 𝜎(𝑡 − 𝑡0)𝑑𝑡} ; 𝑡1

𝑡2
𝑖 𝑡 𝜎(𝑡 − 𝑡1)𝑑𝑡} ;… ; 𝑡𝑛

𝑡𝑛+1
𝑖 𝑡 𝜎(𝑡 − 𝑡𝑛)𝑑𝑡};

▪ 𝜎 𝑡 = ቊ
1; 𝑓𝑜𝑟 0 ≤ 𝑡 − 𝑛𝑇𝑝 ≤ 𝑇𝑠

0; 𝑒𝑙𝑠𝑒

Conforming container Defective container
❑ Vf(1) ≈ 0

❑ Vf(2) >> 0

❑ Convel Patented system distinguishes

conforming and defective containers
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Convel HVLD System – Physical Meaning of Vf

13

❑ Vf:

➢ Represents the total residual charge transferred from the HV generator both to

the container (<<) and to the product (>>)

➢ Convel HVLD system therefore measures the amount of total residual charge

❑ When discharge is interrupted the electrical

charge on C2 does not have an electrical path

available

❑ This charge is trapped into the container
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Convel HVLD System – Decision Making

❑ Criteria for approval and rejection are established by comparing respectively:
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1. Discharge current peak to an upper bound (Peak% threshold)

2. Discharge average value (patented analysis method) to an

upper bound (Average% threshold)

➢ The container is classified as conforming if:

✓ Peak ≤ Peak% threshold OR

✓ Average ≤Average% threshold

➢ …otherwise the container is rejected
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Convel HVLD System – Key Points / Advantages

❑ Measurement capability: wider region between good and bad population

❑ Sensitivity:

➢ Underfilled containers

➢ Liquid products with low conductivity (< 5µS)

❑ Reduced number of recipe parameters (just power and 2 thresholds)

❑ Low energy involved in the test process (< 80mJ)

❑ Small voltage potential applied (15-28 kV; typically 70% = 19 kV)
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Convel’ Patents
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❑ Our Patents:

➢ Demonstrate intellectual property ownership

➢ Reveal an enhanced understanding of innovation, technology and science

➢ Are definitely unique in the field of CCI systems manufacturers and suppliers
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Convel Handling System – Patent PD 2007A000122

❑ Patented solution for transporting and tilting the

containers during inspection phase

❑ Containers are:

1. Tilted down to horizontal position by means of an

external upper guide

2. Vibrated, handled and rotated around its axis to get the

inner sidewalls completely wet

3. Driven by an external cam and the central star wheel

itself to the inspection area

❑ PD 2007A000122: “Apparecchiatura per l’ispezione di

contenitori”



design and  manufacturing  of  inspection  machines

18

Convel Handling System – Key Points / Advantages

❑ Simplicity: instead of more complex solutions

❑ Flexibility: applicable to majority of containers

❑ Effectiveness and reliability

❑ Robustness

❑ Precision of detection

❑ Reduction of format changeover time

❑ Smaller equipment size, compact layout

❑ Easier positioning and setup of HVLD electrodes
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Convel’ Leak Detection Product Portfolio

Laboratory Equipment Production Equipment

Easy TS TC TPTSEasy TS TC TS TL
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Convel Offer – Laboratory Equipment

   

Vials BFS and FFS Strips / Cards BFS and FFS Bottles 

   

Glass Ampoules Glass Bottles Prefilled Syringes 

 

❑ Easy TS Equipment:

✓ Compact and reliable table

top bench suitable for

testing a wide range of

packages such as glass

ampoules, cartridges,

syringes, vials, bottles, BFS

and FFS packages

✓ Up to 1000ml
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Convel Offer – Laboratory Equipment (Cont’d)

Dimensions (LxWxH)

450 x 400 x 650

Weight

15 Kg

Electrical / Power

230V ± 10% 50/60Hz 1 Ph 250W

Containers dimensions

1 to 1000 ml

Containers types

Ampoules, cartridges, vials, bags, bottles, BFS

Test time

30ms – 200ms

Voltage applied to the container

Up to 28 kV 
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Convel offer – 100% Automated Leak Detection

❑ HVLD Method

TC TS TP

Speed: 12.000 units per hour Speed: 24.000 units per hour
BFS Applications: ampoule strips / multidose, 

Bottles

Glass applications: vials, ampoules, cartridges Glass applications: vials, ampoules, cartridges Speed: 7.200 units per hour (ampoules)

Container diameter: 8-42,5 mm Container diameter: 8-42,5 mm Speed: 2.200 units per hour (bottles)



design and  manufacturing  of  inspection  machines

23

100% On-Line Equipment – TC

Model «TC»
• Up to 12000 pieces per hour

• Ampoules, vials, cartridges

• Container Diameter range: 8,65-42,5 mm

• Container Height range: 35-100 mm

• HVLD Method

• Product min conductivity: 1-5 µS/cm

❑ Features and tools:

1. Vibrating system allowing to make the container internal surface wet by the liquid product

2. 4 HVLD Units: CCIT is repeated four times, each electrode test condition is independent

3. Ozone extraction system, catalytic ozone destructor available as an option
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100% On-Line Equipment – TC (cont’d)
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100% On-Line Equipment – TS

Model «TS»
• Up to 24000 pieces per hour

• Ampoules, vials, cartridges

• Container Diameter range: 8,65-42,5 mm

• Container Height range: 35-100 mm

• HVLD Method

• Product min conductivity: 1-5 µS/cm

❑ Features and tools:

1. Vibrating system allowing to make the container internal surface wet by the liquid product

2. 4 HVLD Units: CCIT is repeated four times, each electrode test condition is independent

3. Ozone extraction system, catalytic ozone destructor available as an option



design and  manufacturing  of  inspection  machines

26

100% On-Line Equipment – TS (cont’d)
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100% On-Line Equipment – TP

Model «TP»
• Up to 7200 vial cards per hour

• Up to 2200 bottles per hour

• BFS strip max size: 130 x 90 x 20

• BFS strip fill level: [0,2 – 10] ml

• BFS bottle capacity: up to 500 ml

• HVLD Method

• Product min conductivity: 1-5 µS/cm
❑ Features and tools:

1. Vibrating system allowing to make the container internal surface wet by the liquid product

2. 4 HVLD Units: CCIT is repeated four times, each electrode test condition is independent

3. Ozone extraction system, catalytic ozone destructor available as an option

4. Capability to handle monodose containers also
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100% On-Line Equipment – TP (cont’d)

Infeed Outfeed

One by one 

containers 

transfer to 

the test area 

HVLD based 

test process

Selection 

Conforming 

VS defective 

containers

Vibrating 

system

Twist 

conveyor 

system

4 HVLD Units

Twist 

conveyor 

system
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HMI: Common to all Production Equipment

Maintenance Diagnostics and settings Configuration and Control

➢ 21CFRp11 compliance – ER/ES, audit trail, system access limited to 5 levels of authorized individuals

➢ Full remote assistance system

➢ High voltage auto-diagnostics system achieved by calibrated load
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