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CORE BRANDS

SUPPORTING BRANDS

Strong brand portfolio
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Strong, market-leading divisions





Physical & Durability Specialist Lab (PDSL)
Shared R&D

Areas of expertise – Physical & Durability Specialist lab

- Acoustic & Noise
- Structural Dynamics
- Component test and verification 
- Packaging testing 
- Durability testing 
- Development of accelerated test signals
- Field data measurements 
- Root cause analysis
- EMC lab capacity and competence
- OND measurement and certification coordination 

Centralized competence and infrastructure in specialist areas.    
Supports product development organization and other internal 
costumers. 

Enabling: Agility,  Quality, Cost efficiency and process robustness
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Operational Coordination 
Manager Physical & Durability Specialist Lab:

Patrik Zander 

Operational Coordination 
Manager Physical & Durability Specialist Lab:

Patrik Zander 
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Toolbox / infrastructure 
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Problem description and background
• A recent chainsaw NPD project

(New Product Development) 

• At an early prototype stage, the 
Product Quality team complained on 
high vibrations at the front handle 
during limbing

• Request from the project:

− Investigate this with simulation and 
measurements

− Root of cause?

− Is it going to be a problem later in the project?

− Improvements?
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Step 
1

Step 
2

Step 
3

Step 
4

Step 
5

Step 
6

Step 
7

Investigation process

We will briefly go through each of 
the 7 steps in the investigation

Initial measurement 
and simulation on 
complete product 
with SLS-tank 
(running saw)

Measurements on 
complete product 
with more sensors 
under SLS-tank and 
more simulations 
(running saw)

Measurements on 
complete product 
with stiffened SLS-
tank (running saw)

Measurements on 
single SLS-tank 
(impact testing) Measurements on 

single SLS- and PA6-
tanks (impact testing, 
dry and conditioned)

Measurements on 
complete product with 
PA6-tank (running 
saw and impact test)

Measurements on 
complete conditioned 
product with PA6-tank 
(running saw and 
impact test)



WHY Husqvarna chainsaws
HUSQVARNA CHAINSAWS
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Chainsaw – Two stroke engine
• The piston goes up and 

down about 230 times 
per second at max speed

• Strong time varying 
forces at the rotational 
speed and its overtones 
(engine orders) that 
induce vibrations

− Frequency = number of 
events per unit time

− Order = number of events per 
revolution

• We hold our hands on 
the front and rear handle 
at about 1 dm from the 
cylinder!

• AV-elements are needed 
to reduce the vibrations 
at the handles

4 stroke example!



15

Chainsaw – Two stroke engine
Cylinder pressure during sweep (RMS-values)

Pressure sensor 
at cylinder top

Taco vs. time

Overall RMS vs. time

Start:
150 rps
(9000 rpm)

End:
210 rps
(12600 rpm)

EO 2

EO 1

EO 3

EO 4

EO 5

EO 1

EO 2

EO 3

EO 4

30 Bar

Temperatures up to about 1200K 
in the muffler!
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Chainsaw – Handle system
• The handle system is 

integrated with the tank

• Up to about 3000 m/s2 (300 
g) momentarily (unfiltered) on 
the crank case at max speed

• The handle system is isolated 
from the crank case with 3 
AV-elements (anti vibration 
elements)

• The AV-elements are tuned 
and optimized to reduce the 
vibrations at the handle 

AV-elements
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Hand-arm vibrations
Frequency-weighted 
acceleration sum:

Daily vibration 
exposure (T0=8h):
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Requirements, for the employer
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Measurement positions and test procedure 
for chainsaws



• Tank / rear handle

− SLS (PA 3200 GF)

• Front handle

− Aluminum

• Crank case / cylinder

− Magnesium
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Measurement #1 – Complete 
product with SLS-tank, handles  

• Relatively high vibrations on the front handle around 13500 
rpm (limbing typically between 13000-14000 rpm)

• Confirms the complaints from PQ

• Engine order 1 is dominating

• Why so steep hill > 11000 rpm? SLS?

RPM region during limbing

Front handle Rear handle
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Material data SLS (PA 3200 GF)

Cond 
2.5 GPa

Dry
3.2 GPa

50% GF
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Simulation
• The model is built in MSC Adams 

(multibody simulation) with rotating system 
and ignition as load where we describe a 
running rpm-sweep

• AV-elements and a theoretical hand-arm 
model is included as boundary conditions

• Calculations are made in MSC Nastran 
(FEM) and a simple modal analysis of the 
handle system

• One challenge is always the E-module, 
damping and describing the connections 
correctly
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Simulation vs. 
measurement 

Front handle Rear handle

Simulation results
E=2.6GPa in tank

Good correlation on 
front handle at high rpm

Not that good correlation 
on rear handle

Move on with more 
measurements
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Measurement #2 – Complete product with SLS-
tank, additional accelerometer under the SLS-tank

• Added more accelerometers under 
the tank in two directions (vertical 
and transversal)

• Want to see the Operational 
Deflection Shape (ODS) at higher 
speeds

1 2 3 4

5
6

7
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13500 rpm / 60 sec = 225 Hz

The ODS-results show that the tank has 
relatively high vertical bending movement 
@ 225 Hz that may be the root of cause 
for the high handle vibrations @ 13500 
rpm (225 Hz) 

Next step:
Make the tank much 
stiffer and perform 
new measurements

Measurement #2 – ODS @ 13500 rpm

Reference point that 
“holds” still

Reference point that 
“holds” still
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Simulation – Mode shape of the 1st vertical 
bending resonance
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Measurement #3 – Complete product with 
stiffened SLS-tank

• Same accelerometer setup as 
measurements #2

• Steel bar (box girder) glued 
and screwed under the tank 
(extreme stiff case)
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Varvtalsområde
Ra (cut out)

Varvtal
Fl (full last)

Varvtal
Fl (full last)

3 times
lower!

2 times
lower!

Measurements #3 – Stiffened (stiff) vs. reference (ref)



Measurement #3 – ODS @ 225 Hz, stiffened
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225 Hz = 13500 rpm / 60 sek
• The ODS-results show that our preliminary 

conclusion is correct, i.e., the 1st vertical 
bending tank resonance is fully triggered by the 
1st engine order @ 13500 rpm (225 Hz) and is 
the root cause for the high vibration peak at the 
handles 

• We get about 3 times lower acceleration RMS-
values with the stiffened tank at high speeds on 
the front handle due to the fact that the tank is 
not put in resonance

Next steg:
Separate the SLS-tank from 
the chainsaw and make a 
modal analysis on the SLS-
tank alone 

Ridgid body movement, i.e., no resonance! 
(the resonances are much higher up in frequency)

Reference point that 
“holds” still



Measurement #4 – single SLS-tank
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Freely suspended with 
spring and rubber 
bands (≈ 4 Hz)

• Impact testing on single 
SLS-tank

• Transient impacts with force 
hammer in each 
measurement points

• Accelerometer in point 1

• Force and response in Z-dir
och Y-dir

Measurements points



Measurement #4 – FRF and mode shape (single SLS-tank)

• Vertical bending resonance 
@ 225 Hz

− Same resonance frequency 
identified earlier with 
running chainsaw!

− The tank seem to be 
unaffected by other connected 
chainsaw parts at 225 Hz 
(uncoupled by the AV-
elements…)
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Resonance @ 225 Hz

vertical bending mode shape

Next step:
Perform a modal analysis on the first 
manufactured tank in PA6 
Questions: 
1) Resonance frequency and damping?
2) Will the handle vibrations be lower?
3) Can we see general differences between 

SLS and PA6?



Reference in 
point 1 (Z)

Point 2

Point 3

Point 4
Excitation in Z direction 
in every point using 
impact hammer.

Free-free 
condition with 
highest rigid 
body mode at 
around 5 Hz

Geometry

Reference in point 5 (Z) 
used for comparison 
between SLS and PA6

32

setup 1 = punkt 1, 2, 3, 4 with ref-acc in point 1 
(acc close to node point  low amplitude, hard to 
estimate the damping factor)

setup 2 = punkt 1, 2, 3, 4, 5 where ref-acc in point 5 
(acc in the middle high amplitude, easier to estimate 
the damping factor)

Connection point to 
front handle in the 
middle of the tank 
where the movement at 
resonance is the 
strongest…

Connection point to 
front handle

5

Measurement #5 – single PA6-tanks
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Material data PA6

Cond 
2.6 GPaDry

5.4 GPa

PA6-I-GF15
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Measurements #5 - Conditioning in climate chamber 
• Why?

− Examine the materials ability to absorb water

− Investigate the affect on resonance frequency 
and damping factor (for the 1st vertical 
bending resonance) and thereby also indirect 
the handle vibrations at different climates

• Tanks in the climate chamber for 72 
hours with a temperature of 70oC and 
99%rH (accelerated conditioning)



Measurements #5 – Test cases

35

1. Before conditioning

− Note! different manufacturing dates
 different amount of absorbed 
moisture initially

2. After conditioning

− 18h after in room condition for cooling

− Then 72h-interval in room condition to 
see if the material releases any 
moisture back to the air

1st vertical bending resonance



Frequency, f0 (Hz) Damping ratio, D (%)
2 PA6 2022-07-25 2022-06 1 Before 242 3,1
2 PA6 2022-07-29 2022-06 1 After 18h 174 4,1
2 PA6 2022-08-01 2022-06 1 After 18+72h 184 4,4
2 PA6 2022-08-04 2022-06 1 After 18+144h 185 4,1
2 PA6 2022-08-10 2022-06 1 After 18+288h 194 4,7
2 PA6 2022-08-10 2022-06 2 After 18+432h 193 5,0

Object # Material
Measurement 

date
Manufacturing 

date
Setup Conditioning Identified 1st vertical bending resonance

Frequency, f0 (Hz) Damping ratio, D (%)
7 SLS 2022-06-09 ? 1 Before 225 1,2
7 SLS 2022-07-25 ? 1 Before 223 1,5
9 SLS 2022-09-01 2022-08-30 2 Before 245 1,4
7 SLS 2022-08-19 ? 2 After 18h 172 4,0
7 SLS 2022-08-22 ? 2 After 18+72h 184 4,3

Object # Material
Measurement 

date
Manufacturing 

date
Setup Conditioning Identified 1st vertical bending resonance

Measurement #5 – Identified bending 
resonance and damping
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Condition at earlier 
measurements on whole 
chainsaw with SLS-tank!
Low damping  high 
vibrations

Looks good (high 
damping), but when is it 
going to be saturated and 
what happens with the 
damping? 

SLS and PA6 is very similar 
with respect to both 
resonance frequency and 
damping (extreme 
conditioning case!)

Higher damping 
ratio for PA6 before 
conditioning

Large changes in tank properties before 
and after conditioning (both SLS and 
PA6)  important to know!

?

?

? ?



Measurement #5 – FRF results

• FRF = Frequency Response Function, i.e., the frequency 
response normalized with the input force 1 Newton

• Note that the resonance frequency is drastically lower directly 
after the conditioning and then starts to walk up again with time

• Note that the amplitude |A| is lower after conditioning because 
the mass is increased (more water in the material) and that the 
internal friction losses in the material is increased (damping)

37

Results with 
setup 2

Limbing area.
We don´t want the 
resonance in this 
area!

|A|



Measurement #5 - Summary
• The 1st vertical bending resonance frequency of the new PA6-

tanks is identified between 170 to 245 Hz depending on the 
amount of water, which is not a desirable frequency region due 
to limbing

• However, the damping ratio for the new PA6-tanks are generally 
higher than SLS-tanks, at least before conditioning (dry 
condition), which gives lower handle vibrations

• Big difference in resonance frequency before and after 
conditioning for both SLS- and PA6-tanks

− Handle vibrations will therefore also differ depending on the 
environment, location and time of year

− Important to know the conditions to draw right conclusions and 
make relevant comparisons etc.

− Can we find a reference state with the climate chamber?

• Next step: Sweep measurements on the chainsaw handles on 
complete product with the correct PA6-tank 

38



Measurement #6 – Complete product with PA6-tank
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Measurement #6 – Sweep, overall
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What happens if the resonance frequency is 
lowered to the limbing area? Problem?
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Measurement #6 – Sweep, order analysis
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Logarithmic scale

?
?

7250 rpm = 
7250*2/60 
= 242 Hz
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Measurement #6 – ODS @ 242 Hz

42

Reference point that 
“holds” still



Measurement #6 – Impact test on complete product
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1st vertical bending 
resonance @ 243 Hz

Force in point 5 in the middle of the tank, Z-dir

Front handle

Rear handle

What happens if the resonance 
frequency is lowered to the 
limbing area? Problem?

Same as identified from ODS

Next step: Conditioning the 
complete product in climate 
chamber and perform new 
measurements



Measurement #7 – Sweep, overall, conditioned saw (PA6 cond)
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• Conditioning 140h in climate chamber at 70oC and 62%rH to lower the resonance frequency to the limbing area

• The resonance frequency is lowered from 242 Hz to 233 Hz (=14000rpm for the 1st engine order), which is also 
verified with impact testing

• The vibration amplitude is much lower on the front handle with PA6 cond than with SLS due to a higher internal 
material damping in PA6 cond 

• All together it looks quite good, and we believe that PQ will approve this chainsaw when field testing
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Final comments and conclusion
• PQ did approve the chainsaw with 

PA6-tank 

• PA6 have higher internal friction 
losses (damping) than SLS

• Still much that we need to know 
about the mechanical properties in 
different environments of SLS (and 
other material as well) to make good 
predictions and forecasts in early 
prototype stages
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Questions?


