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Description of a 3D Measurement Machine

05/01 31

&In order to see whether a part is in tolerance, referen

points are measured with a 3D measurement machine

The 3D Measurement Machine (3DMM) measures so called
reference point on a part. These points are quite important for the
functionality of the part. Four reference points of the RUCA are
shown in the picture

The part will be placed in a defined position on the measurement
table

The 3DMM will be programmed one time and will measure the
reference points quickly

Dr. Guido Maune
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=JME& The parts measured at the sub-supplier were mostly »
- out of tolerance and could not be used

CMM Measurement report of the sheet metal parts
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The measured points were reference points for measurement, fixed by engineering
Result All points marked in red were out of tolerance
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BE Agenda

Management Summary

Introduction of sourcing in a company
Description of the sourcing process until SOP
Introduction of a supplier development project

Analysis of the situation of the sub supplier

05/01 33

Actions for improvement of the sub-supplier — “Suppl

Final Conclusion

Dr. Guido Maune ZF Off-Road Driveline Technology and Axle Systems

ler Development”
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@ =M & Basis for the poor performance were general "

organizational issues

Management did not know the situation on the shop f loor, but only gave their decisions to their
direct sub-ordinates

Missing project management
No contact with the customer, attitude “We can solv e all our problems ourselves”
Hiding of problems before the customer
Low or missing training of people
Different recognition of quality requirements
Undefined Procedures for Quality Inspections
Incoming
In production
Outgoing
Poor Documentation of Quality Inspections, often th e documents were faked

Mistakes in the Operation Sequences (Process Plans) lead to 100% capacity usage of the
presses mainly caused by handling and waiting time

Flow of Material »by accident«, no plan

No Production Planning

No Production Records (only for Stamping Operations )
No Temporarily Stock Recording

Gaps in Communication between the different levels
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VI
=JME& Quality standards differ according to the targeted mar

——and also in understanding of involved parties

100

20
50

50 50 50
Chinese OEMs OEMSs in China International
OEMSs in
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@ =ME Several measurements had to be taken in order to "

bring the sub-supplier to the requirements

Improvement of the communication within the supplie r and between supplier and
customer

Analysis of the used working processes and their re sults at the supplier
Installation of a team of experts at the location o f the supplier
Training of the staff and operators of the supplier

Bring the management down to the shop floor to make them to understand the
situation and the bad impacts on their products

Improvement of the relationship with the supplier

Setting clear targets together with the supplier

Installation of a production planning and recording system
Restructuring of the complete production according to lean management
principles
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Vi
= ME First steps were undertaken in setting up a partially &

permanent support at the supplier

Initial structure and development

Initial Structure

[Director of Supply Management }

I e I

Supplier Quality Engineer Tooling Expert
(Chinese) (German)

Process Expert Stamping

R

Structure after 6 months

[ Senior SQE ]

I e | B .
[ Supplier Quality Engineer } [ Tooling Expert }

(Chinese) (German)
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Firstly, an effective structure had to be set up with experts located at the sub-supplier permanently
At first, the Director of Supply Management took over the role of the project leader to put enough
»motivation« onto the supplier, later an experienced Senior SQE took this position over

The experts were responsible for teaching the supplier as well as improvement of the communication

Result
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& The people at the sub-supplier have been involved an

trained in all aspects

Team work with the Chinese at »Sub-Supplier«

Workshop in the meeting room

Measuring in the production
iy e

Situation

05/01 38

Dr. Guido Maune

A strong topic was to train the Chinese to do the work themselves

For understanding reasons for the decisions, they had to be involved in developing the way
to an idea

Step by step this lead the people to finding and solving issues themselves
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=JME& For improvement of the production, targets must be set~_"

and the performance must be improved continuously

Control Loops for optimisation

No production at the beginning is perfect, but before
starting a “target”, which might also be a realistic but
challenging assumption, must be set

The production process will start much below the target.
After the start an analysis must be carried out why the
target has not been reached

Based on the reasons for deviation, continuous
improvements must be taken to reach the target

Plan (Targets)

At the sub-supplier, no planning was set. Therefore at the
end of a day the people could only say what has been
manufactured. But no reason for deviations could be given
After introduction of a production planning system, a daily
recording of the results and definition of measurements for
improvement, the productivity was increased significantly
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-SYEIens like a production record system was introduced
and.people trained to use it

Initial improvements of the system

Vi

05/01 40

Dr. Guido Maune

ZF Off-Road Driveline Technology and Axle Systems

A B oy | ok | oo | o ow oo | op | pg | DR | ps | or | ou | ov | ow | D
1 . ,
Production Record and Stock B:
2
3 CW 40 cW 41 cwW
4 05.0Kt.06 | 06. Okt.06 | 07. Okt.06| 08. Okt.05| 09.0kt.06 | 10.0Kt.06 | 11.0Kt.06 | 12.0kt.06 | 13.0kt.06| 14.0kt.06| 15.0kt.06 | 16.0Kt.06 | 17.0kt.06 | 18.0kt.06|19.0
o < OP50 (pierce+cam pierce) LEFT
5 55&' q00d parts & B 0 0 0 0 0 0 0 5004 | 320 0 0 0 3030 | 24
| o
61 @ OP50 bad parts & # & 0 0 0 0 0 0 0 0 0 0 0 0 0 ¢
= remaining parts OP50 LEFT
S in temp.stock 5080 | 5080 | 5080 | 5080 | 5080 | 5080 | 3280 | 1140 | 5227 | 5431 | 5431 | 3515 | 3515 | 6545 | 89
| 66 & HREFEER
T OP60 (final inspection) LEFT
-]
. 2 200d parts & f B 0 0 0 0 0 1800 | 2140 | 1007 116 0 1916 0 0 ¢
g & 0P80 bad parts & # & 0 0 0 0 0 0 0 0 0 0 0 0 0 ¢
o remaining parts OP60 LEFT
in temp.stock 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ¢
73 RS
OPT0 (packing) LEFT
-4 q00d parts & B8 0 0 0 0 0 1800 | 2140 | 1007 116 0 1916 0 0 (
75 OPT0 bad parts & # & 0 0 0 0 0 0 0 0 0 0 0 0 0 (
SUM parts OP20-OP60 LEFT
still in production line or stock | 5080 | 5080 | 5080 | 5080 | 5080 | 5080 | 3280 | 1140 | 5227 | 5431 | 5431 | 3515 | 3515 | 6655 | 89
77 741§ £ 3 (OP20-0PT0)
50
g5
7] ﬁ finished parts LEFT
£ £ 2 & |delivered to SHAC 0 0 0 0 0 0 1800 | 1800 | 1347 0 0 1916 0 337 (
89 & O pmeRiiAN
9
96
a7 from here ONLY RIGHT &
- |0P20 (drawing) RIGHT 0 0 0 0 0 1372 | 4031 0 0 0 0 0 0 ¢
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=) Mg @xisting tooling concept had to be reinforced in order

produce acceptable parts

First steps for improvement of the initial cheap to oling

Tooling plates with enforcement Tooling in press

Situation

05/01 41

Dr. Guido Maune

The concept of the existing tooling — tooling steel plates with set up inserts — was not capable
of holding the inserts. The forces in order to form the 4mm sheet metal were so strong that
the inserts were pushed aside, so the parts did not fulfil the tolerance

ZF convinced the supplier to weld enforcements on the tooling as a temporary solution
before introduction of new tooling

ZF Off-Road Driveline Technology and Axle Systems Supplier_Development_BME_(GM)_20090918_V01
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VI

=ME New cast tooling was introduced to keep production
- Stable long term

First steps for improvement of the initial cheap to oling

After the second set of cheap tooling which might be
stable for 3-6 months, the supplier who paid the tooling to
the sub-supplier was convinced to pay a cast set of
tooling (the parts price was negotiated including the
investment for tooling)

In order to speed the process up, we set up a timing table
to follow the development of the production steps and - e
motivate where the process was too slow

Situation

aaaaa

uuuuu

aaaaa
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Situation

05/01 43

Dr. Guido Maune

The shown press was already used when the production hall was not present at all
Dust affected tooling, parts, as well press quality

ZF could avoid there parts being produced in this press

But: This press was the start for a new production hall according to ZF\s requirements

ZF Off-Road Driveline Technology and Axle Systems Supplier_Development_BME_(GM)_20090918_V01
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VI

& The old as well as the new production site are now %

clean inside and outside

Pictures of the old as well as the new production | ocation

Outside of the old production hall

Situation

05/01 44

Dr. Guido Maune

Outside of the new production hall

Both production locations have been producing during the time of the visit

The cleanness is stable. If a press is not working due to problems or no order, people have to
clean the floor inside and outside of the company — might be that’s also a reason why the
problems of the presses have been decreased

ZF Off-Road Driveline Technology and Axle Systems Supplier_Development_BME_(GM)_20090918_V01



paniasal sIybu ||y ‘sun 18q ‘1ydaiagehianap pun -1aidoy| am ‘siubnjagsbunbniiaA apar ‘uaBuNp|aWUESIYI8IZINYIS UOA [[e4 Usp Inj yone ‘Haws nessed 47 184 a1yoay |y @

=

Vi

& The same press as shown before is now part of a %

chain according to ZF \E requirements

Development of the new production hall

Photos of presses in a line Known press

Situation

05/01 45

Dr. Guido Maune

The »Press in the middle of nowhere« has also found a home in a line with other presses
The productivity of this new equipment including measurements for a lean production
increased the productivity significantly — less time was wasted
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Vi

=M E After sequencing the process the capacity usage was &

reduced — the productivity increased

Description of the production process at »Sub-Suppl ler« after the alignment

Press A

> Press D ——> PressE [—X PressF

Situation

05/01 46

Dr. Guido Maune

Caption

Press A

The size of the blocks
shows the different sizes
of the presses.

sequence for the ZF parts

the capacity usage was not caused by a faster concept of the presses

for a 20% higher output of the parts could be fulfilled

Before the alignment, ZF was occupying 100% of the capacity of some tooling in 3 shifts, 6 days,
an increase of the volume which was required by the final customer as an option was impossible
The sub-supplier was convinced to change the presses in the production according to the

Some new presses were also installed. The presses were mostly hydraulic, so the increase of
After the alignment combined with the reduction of change-over-time, a production planning

process as well as optimized logistics, the maximum usage of the tooling could be reduced to
65% which allows maintenance of presses and tooling. Finally the requirements of the customer

ZF Off-Road Driveline Technology and Axle Systems Supplier_Development_BME_(GM)_20090918_V01
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VI
=JME& Structure and cleanness of the plant have been "

~— improved

Samples of the new structure and cleanness inthe ¢~ ompany

Samples of tooling rework Two people reworking tooling

The structure of the plant has been improved

A daily cleaning process has been introduced. Workers who cannot work due to a broken
Situation machine or missing parts have to clean the plant

Additionally, a performance oriented payment system based on speed as well as quality of
the produced parts has been introduced
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VI
@ =)ME Tooling has been stored properly, administration of §

= tooling being supported by a Kanban system

Tooling storage at the supplier

Tooling storage Kanban system for tooling admin

The tooling storage has been changed completely

It is recorded which tooling is being used where which is a base for preventive maintenance
Situation of the tooling — that means a regular check of the tooling to repair it before it is completely
broken

Improvement of the effectiveness of the tooling usage and less down time
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VI
=ME& Working & Checking instructions have been ”

- implemented, people trained

Samples for working instructions in the production area

Working and checking instructions Checking instruction

At the beginning the workers did not carry out any Quality Check. The worked according to
»What | do not check | do not know, so a lot of bad parts which could have been identified
Situation after the first process steps have been identified at their customer or even at ZF in Australia
Working instructions have been set up and people have been trained thoroughly. The quality
of the parts was increased from 20% scrap to less than 3%
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VI
=METhe dimensions of the parts must be checked regularly §

In order to guarantee the required dimensions

Control Loops for optimisation

Production will not be 100% stable over the life time —
sometimes deviations occur i.e. be worn tooling

Therefore some parts — i.e. the first and the last part of
each batch — have to be checked. The dimensions are
defined in a so called control plan

The parts will be checked according to this control plan by
the worker of the machine

In case of deviations, an action plan needs to be defined
and carried out

Plan (Targets)

At the sub-supplier, initially no check was carried out

The first checks were “manipulated”, the officially the parts
were correct. But at the supplier who welded the parts,
welding was impossible

Together with the sub-supplier, the control plans were set
up and people trained to use them

Every manipulation of the records resulted in punishment
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Vi

=M E& After introduction, Checking instructions were "
... followed and checking records used

Samples for checking records and instructions

Checking records Checking instructions for a part
WIABIRERAR | oyl T e [ F98% | R | FHEE | bréL102L/R [ &5 WC-LB) abr84107 /R
R o e e S L1 B 1.
(0| v s (o] 0[] a I S =
L k& [ 36-400 Mrwlﬁz? [ AHE TERE  [abr8lT0LR-M320[ TRBIIA/BE A B30 zm’wg Ta ]

I %R . i

T _—_mn, wr | o | | BB
LRERSHTRRE, HEUECHPD)| RN a) -
IRBBETA AR HINRN TR, 35 35 X ‘
LIHERTE, SR, AMBSATEI AR R & 9

Situation

05/01 51

Dr. Guido Maune

SR AN/ %, SRBII0A %, SRENRRNTS

L
behg | %E|  RERE [ RSk
[T
VEEASTE | s N T
2 IR, 2| Gk | DR, S H] ERE

Bk Lane®

RHCEED | RACEED | RERCEED| 4£CED W(H%ﬁ)
e [ | e e e ] of | (e g ) R,

Training for the people resulted in proper checking records and a proper maintenance of
tooling and machines
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\4
Training and a new set up of the production have %

improved quality and quantity

Pictures of presses in the production

Parts in production Presses in a line

Situation

05/01 52
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People have been trained almost on a daily basis for being responsible for their parts as well
as the appearance of the production

After some »motivation« the company changed their presses into a line with the effect of less
logistics efforts, not searching for disappeared parts which lowered the press usage from
100% to 65%
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: : : \4
Incoming goods inspection and records were %

improved, stock keeping introduced

Samples of incoming goods area and incoming goods i nspection

Incoming goods area Incoming goods inspection & record

Situation

05/01 53
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At the beginning, no test for incoming material was taken out. Result was that several times a
wrong, softer sheet metal was delivered and the parts did not fulfil the requirements

After the support, the incoming goods area is a designated area now

For each incoming good, a record will be kept for stock keeping

Samples will be measured, the results recorded
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\4
Gauges are used regularly and protected against dust %

Pictures of gauges for ZF parts as

Gauge for ZF parts Storage of gauges

Situation

05/01 54
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In order to check several reference points at once, checking gauges can be used to save
time

ZF introduced that for every step in the forming process a gauge was built to identify
deviations quickly

Gauges that are not in use are now properly stored and maintained
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Vi

For continuous improvement process a 6-S-System
has been set up

Samples of the 6-S-System advertisement at Sub-Supp  lier

6S-description Overview 6S at Sub-Supplier

Situation

05/01 55
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Sub-Supplier has not only installed a 5-S-System. Due to the safety which has also been
promoted by ZF, Sub-Supplier has introduced a 6S-System (5S + Safety = 6S)
As to what we can judge, the system is being followed
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Vi
The support of the Sub-Supplier started beginning :

of 2006 and finished end of 2007

Supplier Development

Task

2005 2006 2007
9110(11(12|{1 |23 |4|5|6(7|8|9|10|11|12(1|2|3|4|5|6|7|8|9]|10|11|12

Techn. Audit

Part time support

Full time support

SOP in Adelaide

Support
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The sub-supplier was visited the first time in Sep 2005, when it was only foreseen as tool maker for the supplier
In March 2006 we found out that the sub-supplier was also foreseen for series production. The supplier had
capacity peaks and could not handle the production on it's own. Even with escalation at our customer, GM China,
the supplier did not change to inhouse-production

The sub-Supplier had never done big volume series production, so we installed a permanent support
immediately which covered tooling manufacturing and setting up as well as the complete processes

The sub-supplier supports fully the requirements of ZF, consultation for difficult tasks is still necessary, but also
desired

ZF Off-Road Driveline Technology and Axle Systems Supplier_Development_BME_(GM)_20090918_V01
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\4
Chances for the future are not only reduced effort and
a stable production, but also a strategic supplier

Chances for the future of Sub-Supplier

Topic Detail

Sub-Supplier
Improvements in the production process have been established
The culture of the sub-supplier has been changed, people have been

Improvements trained
for present A new production system has been followed
situation Sub-Supplier, which started much worse that Supplier, has also overtaken

Supplier, it's customer
Sub-Supplier has also been established as a better supplier for Supplier, our
direct and strong competitor

Due to the improvements the effort to support Sub-Supplier can be reduced
In case of major changes a support of Sub-Supplier is still recommended
The Sup-Supplier proved to maintain their present status, now he has been
recommended that he can take over more business from ZF directly

Possibilities Sheet Metal Strategy
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Lessons Learned

Vi

Involvement of the Top Management of the company fr  om the beginning
Top-Management of the company has to be brought to the shop floor in order to understand

»What is going on?«

Setting up of a project management with milestones in the early project phase necessary — the

customer must support or at least monitor

Daily training of the operators in connection with performance-based payment
Setting up of the complete Supply Chain including t he communication to the sub-supplier as

well as customer often necessary

Setting up of a production planning system even at under-developed suppliers possible
Don’t avoid hard fights with the company — but based on facts
Main factor is being insisting, even if the supplie rs do not want to follow

The Supplier Development was successful. ZF did not miss any delivery to the customer — air

freight was covered by the supplier

After one year the supplier managed to be always in the Top 3 of the best quality suppliers —
ppm rates which are based on quality and timing of d elivery are often at “0”
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Agenda %

Management Summary

Introduction of sourcing in a company
Description of the sourcing process until SOP
Introduction of a supplier development project
Analysis of the situation of the sub supplier

Actions for improvement of the sub-supplier — “Suppl ier Development”

Final Conclusion
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VII
Final Conclusion &

Before nominating, every supplier should undergo a thorough audit as well as a risk
analysis
Purchasing decisions for the plants should be therefore centralized
The organization should have flexible people who can start solving problems
immediately
Your own SQEs and purchasers should receive regular training
Support of the headquarter should be available. For important knowledge like for Sheet
Metal, ZF recently employed experts in China
Let the SQE stay at the supplier on-site to make sure the supplier follows the
requirements
Support the supplier in every process step / every detalil

Check the paperwork (did the supplier create it for an audit or is it living paperwork)
Insist on following German standards. This might take several years until the supplier
follows by himself, but for safety critical parts this is a must
Make regular follow-up meetings and address open issues
Support the supplier in setting up a project management
Introduce the necessary tools even if the supplier does not want to use them
Train the employees of the supplier — the training can be mutually with new people of the
own organization
If possible, participate in an early phase to select the people for your project — the pool of
good people at the supplier is even at big companies limited

05/0160  Dr. Guido Maune ZF Off-Road Driveline Technology and Axle Systems Supplier_Development_BME_(GM)_20090918_V01



paniasal sIybu ||y ‘sun 18q ‘1ydaiagehianap pun -1aidoy| am ‘siubnjagsbunbniiaA apar ‘uaBuNp|aWUESIYI8IZINYIS UOA [[e4 Usp Inj yone ‘Haws nessed 47 184 a1yoay |y @

05/01 61

Dr. Guido Maune

Thank you very much for your attention!
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